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(5)  INTRODUCTION 


Highly  trained  female  athletes  may  experience  loss  of  menses  because  of  their 
participation  in  intense  physical  activity.  Previous  cross-sectional  research  has  shown 
that  women  with  exercise-induced  menstrual  irregularities  have  a  significantly  higher 
frequency  of  stress  fractures  and  low  bone  mass  than  normally  menstruating  controls. 
Longitudinal  studies  suggest  that  these  women  are  losing  bone  mass  over  time.  Low 
serum  estrogen  levels  are  believed  to  be  a  principal  cause  of  the  bone  loss.  If  so,  re¬ 
establishing  normal  estrogen  levels  in  these  women  should  prevent  or  retard  bone  loss 
and  decrease  the  incidence  of  stress  fracture.  This  study  was  a  two-year  randomized  trial 
of  the  effect  of  oral  contraceptives  on  bone  mass  and  stress  fracture  incidence  among  150 
female  cross  country  runners  in  the  age  range  18-26  years.  The  Coordinating  Center  is  at 
Stanford  University  and  bone  mass  was  measured  at  five  sites:  the  Massachusetts  General 
Hospital,  the  University  of  California  Los  Angeles,  the  University  of  Michigan,  Stanford 
University/Palo  Alto  VA  Medical  Center,  and  the  Helen  Hayes  Hospital  in  West 
Haverstraw,  NY.  Athletes  were  recruited  mostly  from  the  areas  around  these  five  clinical 
sites. 

(6)  BODY 

Work  Previously  Reported 

One  hundred  fifty  eligible  female  runners  were  randomized,  of  whom  124  (83%) 
attended  at  least  one  follow-up  appointment  and  96  (64%)  attended  both,  and  at  average 
of  14.4  and  26.6  months,  respectively.  Three  additional  women  provided  infonnation  on 
stress  fracture  occurrence  for  an  average  of  7.9  months  after  baseline.  Data  collection  has 
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been  completed,  the  data  have  been  cleaned  and  prepared  for  statistical  analysis, 
statistical  analyses  have  been  undertaken,  and  manuscripts  have  been  written. 

One  manuscript  from  baseline  data,  “Disordered  eating,  menstrual  irregularity, 
and  bone  mineral  density  in  female  runners,”  was  published  in  Medicine  &  Science  in 
Sports  &  Exercise  in  2003.  Two  other  papers  are  scheduled  for  publication  in  the  same 
journal  in  September  2007:  “The  effect  of  oral  contraceptives  on  bone  mass  and  stress 
fractures  in  female  runners”  and  “Risk  factors  for  stress  fracture  among  young  female 
cross-country  runners.”  Copies  of  these  articles  are  appended. 

Work  Accomplished  During  Period  of  Final  No-cost  Extension  (November  2006  - 
July  2007). 

As  part  of  a  final  no-cost  extension  granted  in  late  2006,  four  secondary  analyses  of  the 
data  already  collected  were  proposed.  Each  of  the  four  analyses  will  be  discussed  in  turn. 
No-Cost  Extension  Objective  (1):  Complete  the  analysis  and  prepare  a  manuscript  on 
the  question  of  whether  use  of  oral  contraceptives  is  associated  with  changes  in  weight 
and/or  body  composition. 

A  manuscript,  “The  effect  of  oral  contraceptives  on  body  weight  and  body  composition  in 
young  female  runners,”  has  undergone  review  by  all  authors,  will  undergo  slight  revision 
as  a  result  of  their  suggestions,  and  will  be  submitted  to  Exercise  &  Science  in  Sports  & 
Medicine  shortly.  A  copy  of  the  penultimate  draft  of  this  manuscript  is  appended. 
No-Cost  Extension  Objective  (2):  Analyze  the  data  to  identify  what  other  factors  (e.g., 
training  regimen,  diet)  are  related  to  changes  in  weight  and/or  body  composition. 
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We  summarize  below  the  results  of  our  analyses.  We  plan  to  prepare  a  manuscript 
shortly. 

Factors  Associated  with  Changes  in  Body  Composition  and  Weight 
Background 

Weight,  lean  mass,  and  fat  mass  are  of  concern  to  runners  because  of  their  potential 
effects  on  health  and  running  perfonnance.  It  is  well  known  that  in  both  young  women 
and  men,  physical  activity,  including  running,  decreases  body  mass  index  as  well  as  more 
direct  measures  of  fat  mass.  At  least  one  study  in  runners  has  documented  that  low  fat 
mass  is  associated  with  faster  running  speed,  and  several  studies  have  reported  that  the 
more  miles  run  per  week,  the  lower  the  fat  mass.  In  healthy,  active  young  women,  weight 
training  and  physical  activity  in  general  have  been  reported  to  increase  lean  mass,  but 
little  is  known  of  factors  than  influence  lean  body  mass  specifically  in  runners,  who  are 
already  very  physically  active. 

In  young  people  in  the  general  population,  fat  mass  and  especially  lean  mass  are 
independently  associated  with  measures  of  bone  mass,  but  these  associations  have  not 
been  well  studied  in  runners.  The  effects  of  changes  in  weight  and  body  composition  on 
the  propensity  of  runners  to  develop  eating  disorders  are  also  not  known. 

In  an  analysis  described  under  no-cost  extension  objective  (1),  we  reported  that 
use  of  the  oral  contraceptive  Lovral  was  associated  with  gain  in  lean  mass  but  not  fat 
mass  among  eumenorrheic  but  not  among  oligomenorheic/amenorrheic  runners.  This 
report  considers  several  other  aspects  of  changes  in  weight  and  body  composition  in 
runners.  First  we  examine  the  effects  of  training-related  activities  and  dietary  constituents 
on  changes  in  lean  mass,  fat  mass,  percent  body  fat,  and  weight.  Then  we  examine  the 
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associations  between  changes  in  weight  and  body  composition  on  daily  calories 
consumed,  score  on  an  eating  disorder  inventory,  and  bone  mass. 

Results 

Descriptive  statistics 

In  this  project  124  women  seen  at  baseline  and  at  least  one  follow-up  visit  are  included  in 
the  analyses  concerned  with  weight,  and  123  women  are  included  for  analyses  concerned 
with  lean  mass,  fat  mass,  and  percent  body  fat.  In  some  analyses  numbers  are  lower 
because  of  missing  data.  Table  1  (pages  14-15)  indicates  that  the  mean  age  at  baseline  of 
the  women  was  22.0  years,  and  the  mean  body  mass  index  was  2 1 .2  kg/m".  Mean 
caloric  intake  was  2318  kcal/day.  Participants  ran  for  an  average  of  35  miles  per  week 
and  lifted  weights  for  an  average  of  64  minutes  per  week  in  the  past  year 
Training-related  variables:  Table  2  (page  16)  shows  that  runners  who  ran  more  miles 
per  week  and  those  who  increased  their  number  of  miles  run  per  week  during  the  period 
of  the  study  tended  to  lose  weight,  fat  mass,  and  percent  fat  mass.  Miles  run  per  week 
had  little  effect  on  lean  mass.  In  contrast,  greater  time  spent  lifting  weights  and  an 
increase  in  the  amount  of  time  spent  lifting  weights  were  associated  with  an  increase  in 
lean  mass,  but  had  little  effect  on  weight,  fat  mass,  or  percent  body  fat.  These  trends  held 
regardless  of  menstrual  status  (oligo/amenorrheic  [fewer  than  10  menstrual  periods  in 
past  year]  versus  eumenorrheic  [10  or  more  menstrual  periods  in  past  year]).  These 
trends  were  also  examined  according  to  treatment  assignment  in  the  randomized  trial,  and 
significant  (p  =  0.006)  effect  modification  was  found  in  one  instance:  the  annual  rate  of 
change  in  kilograms  of  lean  mass  per  minute  weekly  weight  lifting  at  baseline  was 
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greater  in  those  randomly  assigned  to  the  oral  contraceptive  group  (b  =  0.0135±0.0031) 
than  among  those  assigned  to  the  control  group  (b  =  0.0034±0.0028). 

Dietary  constituents:  Little  change  occurred  over  the  period  of  the  study  in  the  amount 
of  specific  dietary  constituents  consumed  by  most  of  the  runners,  so  we  were  unable  to 
examine  the  effect  of  changes  in  diet  (other  than  total  daily  calories  consumed,  as 
discussed  below).  Instead,  we  examined  changes  in  weight  and  body  composition  in 
relation  to  baseline  dietary  characteristics.  We  ran  regressions  of  changes  in  weight  and 
body  composition  on  baseline  values  of  several  key  dietary  components,  including  daily 
intake  of  fiber,  vegetable  protein,  animal  protein,  fat,  calcium  dairy  products,  iron, 
sodium,  vitamin  C,  total  soda,  diet  soda,  regular  soda,  wine,  beer,  liquor,  and  number  of 
“standard”  alcoholic  drinks,  controlling  for  clinical  site,  randomization  assignment,  and 
total  average  calories  consumed  per  day  at  baseline.  No  statistically  significant 
associations  with  weight  or  body  composition  were  found  at  p<  0.05,  and  only  two  were 
found  at  p<0. 10:  vegetable  protein  with  fat  mass,  and  vegetable  protein  with  percent  body 
fat  (data  not  shown).  These  two  associations  are  easily  attributable  to  chance,  given  the 
large  number  of  associations  examined.  It  may  be  seen  in  Table  1  that  the  runners  had 
low  consumption  of  certain  dietary  constituents  of  interest,  such  as  soft  drinks  and 
alcohol  beverages,  so  we  had  little  statistical  power  to  examine  their  effects. 

Sufficient  variation  over  time  occurred  in  total  calories  consumed  per  day  that  we 
were  able  to  examine  associations  of  change  in  average  daily  calories  consumed  and 
changes  in  weight  and  body  composition.  Of  some  interest  was  an  initially  counter¬ 
intuitive,  although  not  statistically  significant,  association  between  increases  in  weight, 
fat  mass,  and  percent  body  fat  and  a  decrease  in  total  daily  calories  consumed  over  the 
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period  of  the  study.  For  instance,  the  regression  of  change  in  percent  body  fat  during  the 
study  period  on  change  in  kilocalories  consumed  per  day  during  the  study  period  was  - 
0.0010  per  year  (p  =  0.07).  Upon  detailed  examination,  we  found  that  an  increase  in 
percent  fat  during  the  first  year  was  strongly  associated  with  a  reduction  in  daily 
kilocalories  consumed  during  the  second  year  of  follow-up  (decrease  in  second  year  of 
kilocalories  per  percent  increase  in  body  fat  during  first  year  =  -105.6,  p  =  0.008).  In 
other  words,  those  who  gained  body  fat  during  the  first  year  subsequently  reduced  the 
amount  of  calories  consumed  during  the  second  year.  In  contrast,  little  association  was 
seen  between  percent  body  fat  gained  during  the  second  year  and  daily  kilocalories 
reported  at  the  end  of  the  first  year  (gain  in  kilocalories  in  first  year  per  percent  increase 
in  body  fat  during  second  year  =  23.3,  p  =  0.54) 

Eating  disorder  score:  We  found  positive  associations  between  changes  in  weight,  fat 
mass,  and  percent  fat  and  rise  in  the  total  eating  disorder  score,  mainly  in 
oligo/amenorrheic  runners.  This  association  was  a  result  of  both  an  increase  in  the  eating 
disorder  score  among  those  who  gained  weight  and  a  decrease  in  the  eating  disorder  score 
among  those  who  lost  weight.  Detailed  examination  again  indicated  that  the  change  in 
eating  disorder  score  followed  a  first  year  change  in  weight  or  fat,  and  that  weight  or  fat 
change  during  the  second  year  was  not  at  all  associated  with  the  eating  disorder  score  at 
the  end  of  the  first  year.  Thus,  weight  and  fat  gain  tend  to  result  in  caloric  restriction  in 
both  eumenorrheic  and  oligo/amenorrheic  runners,  but  appear  to  create  anxiety,  as 
indicated  by  a  rise  in  eating  disorder  score,  mainly  among  oligo/amenorrheic  runners.  Of 
the  three  subscales  of  the  eating  disorder  inventory  that  were  included  in  this  study 
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(drive-for-thinness,  bulimic  tendency,  and  body  dissatisfaction),  the  above  results  were 
mainly  driven  by  the  body  dissatisfaction  subscale 

Bone  mineral  density  (BMD):  It  is  difficult  to  state  with  certainty  the  direction  of 
associations  between  changes  in  weight  and  body  composition  and  changes  in  BMD,  but 
it  seems  most  likely  that  changes  in  weight  and/or  body  composition  lead  to  changes  in 
BMD  or  that  some  third  factor  affects  weight  and/or  body  composition  and  BMD. 
Therefore,  we  considered  changes  in  BMD  as  the  dependent  variable  and  changes  in 
weight  and  body  composition  as  the  independent  variables. 

Baseline  weight  and  body  composition  were  not  related  to  changes  in  spine  BMD 
(data  not  shown),  but  changes  in  weight  and  all  three  body  composition  measures  were 
associated  with  changes  in  spine  BMD  (Table  3,  pages  17-18).  In  other  words,  as  weight, 
fat  mass,  percent  body  fat,  and  lean  mass  increase,  so  does  spine  BMD.  When  we 
divided  the  runners  into  those  who  were  eumenorrheic  (10+  menstrual  cycles  in  the  past 
year)  and  those  who  were  amenorrheic  or  oligomenorrheic  (fewer  than  10  menstrual 
cycles  in  the  past  year),  it  may  be  seen  that  for  weight,  fat  mass,  and  percent  body  fat,  the 
positive  associations  occur  in  oligo/amenorrheic  women,  but  not  in  eumenorrheic 
women,  who  had  substantially  higher  BMD  at  baseline  anyway.  The  association  for  lean 
mass  is  stronger  for  eumenorrheic  women  than  oligo/amenorrheic  women.  Among  the 
eumenorrheic  women,  the  annual  increase  in  BMD  (g/cm  )  per  average  annual  kilogram 
change  in  lean  mass  was  stronger  for  those  randomly  assigned  to  the  oral  contraceptive 
group  (b  =  0.0093+0.0031)  than  those  assigned  to  the  control  group  (b  =  0.0015+0.0021) 
(p  =  0.04  for  effect  modification.) 
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Table  3  also  shows  that,  again,  associations  between  increases  in  weight  and  body 
composition  measures  and  changes  in  hip  BMD  are  apparent  for  oligo/amenorrheic 
women,  but  not  for  eumenorrheic  women.  Only  for  change  in  lean  mass  is  there  a 
suggestion  of  a  slight  positive  association  with  change  in  BMD  for  eumenorrheic  women. 
Weak  negative  associations  were  seen  between  lower  baseline  weight  and  change  in  hip 
BMD  in  all  women  (p  =  0.10)  and  in  oligomenorrheic  women  (p  =  0.04)  and  between 
lower  baseline  fat  mass  and  hip  BMD  in  all  women  (p  =  0.06),  but  otherwise  no  notable 
associations  between  baseline  measures  and  changes  in  BMD  were  seen  (data  not 
shown). 

Conclusions 

These  data  suggest  that  among  young  female  long-distance  runners  in  the  age  range  18- 
26  years: 

(1)  Those  who  want  to  reduce  weight  and  fat  can  do  so  by  running  more  miles  per  week. 
Lifting  weights  does  not  appear  to  lead  to  a  reduction  in  weight  and  fat  mass. 

(2)  Those  who  want  to  increase  lean  mass  can  do  so  by  increasing  their  weekly  duration 
of  weight  lifting.  Increasing  number  of  miles  run  per  week  does  not  appear  to  increase 
lean  mass. 

(3)  Specific  dietary  constituents,  as  measured  in  this  study  and  consumed  by  these 
runners,  do  not  appear  to  affect  changes  in  weight  or  body  composition. 

(4)  Those  who  gain  weight  and  fat  subsequently  tend  to  restrict  their  total  caloric  intake. 

(5)  Oligo/amenorrheic  runners  who  gain  weight  and  fat  subsequently  tend  to  have  higher 
eating  disorder  inventory  scores. 
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(6)  Gains  in  weight,  fat  mass,  percent  body  fat,  and  lean  mass  are  associated  with 
increases  in  bone  mineral  density  in  the  spine  and  hip,  but  only  among  those  who  are 
initially  oligo/amenorrheic.  Thus,  for  the  sake  of  bone  health,  it  is  desirable  for 
oligo/amenorrheic  runners  to  gain  weight,  fat,  and  lean  mass. 

Limitations 

In  addition  to  limitations  in  the  study  as  a  whole  that  are  discussed  elsewhere,  these 
analyses  were  somewhat  hindered  by  having  only  1-2  follow-up  visits  about  a  year  apart, 
making  it  difficult  to  sort  out  time  sequences  for  some  variables,  such  as  changes  in  body 
composition  and  changes  in  bone  mineral  density;  the  relatively  short,  two-year  duration 
of  the  study;  the  lack  of  change  in  diet  over  the  two-year  period;  and  the  low 
consumption  of  certain  beverages  such  as  soda  and  alcohol. 
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Table  1.  Characteristics  of  study  population  at  baseline. 


Standard 


Characteristic 

Mean 

Deviation 

Age  (years) 

22.0 

2.6 

Weight  (pounds) 

128.9 

14.8 

Height  (inches) 

65.3 

2.5 

Body  mass  index  (kg/m") 

21.2 

1.9 

Lean  mass  (kg) 

41.9 

4.5 

Body  fat  (kg) 

13.4 

3.9 

Body  fat  percentage 

23.1 

5.3 

Hip  bone  mineral  density  (g/cm  ) 

0.889 

0.119 

Spine  bone  mineral  density  (g/cm  ) 

0.988 

0.110 

Whole-body  bone  mineral  content  (g) 

2174 

293 

Dietary  intake 

Kilocalories/day 

2318 

950 

Fiber  (g/day) 

30.3 

18.3 

Fat  (g/day) 

48.7 

29.2 

Protein  (g/day) 

92.6 

39.8 

Regular  soda  (ounces/day) 

1.4 

3.5 

Diet  soda  (ounces/day) 

4.3 

10.4 

Wine  (ounces/day) 

0.4 

0.8 
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Beer  (ounces/day) 

1.7 

3.5 

Liquor  (ounces/day) 

0.08 

0.17 

Number  of  standard  drinks/day 

0.28 

0.42 

Vegetable  protein  (g/day) 

42.9 

25.2 

Animal  protein  (g/day) 

50.0 

27.2 

Dietary  calcium  (mg/day) 

1364 

683 

Iron  (mg/day) 

23.0 

15.8 

Vitamin  C  (mg/day) 

274 

183 

Total  eating  disorder  score* 

12.0 

12.5 

Average  distance  run  in  past  year  (miles/week) 

34.7 

11.2 

Average  time  lifting  weights  in  past  year  (min/wk) 

63.9 

51.1 

Amenorrheic  at  baseline 

8.1% 

Oligomenorrrheic  at  baseline 

25.0% 

Eumenorrheic  at  baseline 

66.9% 

*  Eating  Disorder  Inventory  0-69;  0=least  disordered,  69=most  disordered,  Garner  and  Olmstead 
(1984) 
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Table  2.  Adjusted3  annual  rates  of  change  in  weight,  fat  mass,  percent  fat  mass,  and 
lean  mass  by  baseline  training  characteristics  and  annual  change  in  training 


characteristics 


Training 

characteristic 

Weight 

(pounds  ±  SE) 

Fat  mass 

(kg  ±  SE) 

Body  fat 

(%  ±  SE) 

Lean  mass 

(kg  ±  SE) 

Miles  run  per  week 
(N  =  1 14/11 3)b 

At  baseline 

-.07001.0318* 

-.02931.0137* 

-.03771.0189* 

-.00291.0087 

Annual  increase 

-.20721.0633** 

-.06751.0281* 

-.09871.0389* 

.00231.0179 

Minutes  lifted 
weights  per  week 
(N=  102) 

At  baseline 

00751.0090 

-.00201.0038 

-.00461.0052 

.00681.0021** 

Annual  increase 

.01521.0180 

-.00011.0076 

-.00171.0105 

.00991.0042* 

aAnnual  rates  of  change  are  adjusted  by  multiple  linear  regression  for  clinical  site  and 
treatment  assignment  in  the  randomized  trial.  In  addition,  annual  increases  are  adjusted 
for  baseline  measures,  and  baseline  measures  are  adjusted  for  annual  increases. 

b  First  number  refers  to  those  included  in  the  analyses  concerned  with  weight,  second 
number  to  those  included  in  the  analyses  concerned  with  body  composition. 

*p<0.05,  rate  of  change  differs  from  0. 

**  p<0.005,  rate  of  change  differs  from  0. 
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Table  3.  Adjusted3  annual  rates  of  change  in  spine  and  hip  bone  mineral  density 
(BMD)  by  annual  rate  of  change  in  weight,  fat  mass,  percent  body  fat,  and  lean 
mass,  by  menstrual  status 


Annual  change  in 
weight/composition 
measure 

Annual  change  in  spine 
BMD  (g/cm2) 

Annual  change  in  hip 
BMD  (g/cm2) 

All  women  (N  =  124/123)b 

Weight  (pounds) 

.001 1±.0003** 

.00071.0003* 

Fat  mass  (kg) 

.00231.0008** 

.00171.0007* 

Body  fat  (%) 

.00151.0006* 

.00101.0006 

Lean  mass  (kg) 

.0029±.001 1* 

.00351.0010** 

Eumenorrheic  women1’ 

(N  =  83) 

Weight  (pounds) 

.00051.0006 

.00011.0006 

Fat  mass  (kg) 

-.00071.0013 

-.00031.0013 

Body  fat  (%) 

-.00121.0009 

-.00041.0009 

Lean  mass  (kg) 

.00421.0017* 

.00251.0018 
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Table  3  (continued) 


Annual  change  in 
weight/composition 
measure 

Annual  change  in  spine 
BMD  (g/cm2) 

Annual  change  in  hip 
BMD  (g/cm2) 

Oligo/amenorrheic  women11 
(N  =  41/40)b 

Weight  (pounds) 

.00101.0003** 

.00081.0003* 

Fat  mass  (kg) 

.00351.0009** 

.00321.0010** 

Body  fat  (%) 

.00331.0008** 

.00241.0009* 

Lean  mass  (kg) 

.00161.0015 

.00381.0015* 

“Annual  rates  of  change  are  adjusted  by  multiple  linear  regression  for  clinical  site, 
treatment  assignment  in  the  randomized  trial,  and  baseline  weight  or  body  composition 
measure. 

bFirst  number  refers  to  those  included  in  the  analyses  concerned  with  weight,  second 
number  to  those  included  in  the  analyses  concerned  with  body  composition. 

cEumenorrheic  women  reported  having  had  10  or  more  menstrual  cycles  during  the  year 
before  baseline. 

d01igomenorrheic  and  amenorrheic  women  reported  having  had  fewer  than  10  menstrual 
cycles  during  the  year  before  baseline. 

*p<0.05,  rate  of  change  differs  from  0. 

**p<0.005,  rate  of  change  differs  from  0. 
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No-Cost  Extension  Objective  (3):  Analyze  the  data  to  see  whether  beverage 


consumption  affects  bone  mass  and  risk  of  stress  fracture. 

We  present  the  results  of  these  analyses  below.  We  are  preparing  a  manuscript  that 
combines  both  the  results  below  on  beverages  and  the  results  on  solid  and  semi-solid 
foods  (not  an  official  part  of  the  no-cost-extension).  In  the  analysis  of  solid  and  semi¬ 
solid  foods,  there  is  a  suggestion  of  a  beneficial  effect  against  stress  fracture  from 
calcium,  Vitamin  D,  protein,  and  dairy  products,  although  none  of  these  associations  was 
statistically  significant  in  Cox  regression  models.  Below  is  a  summary  of  our  results  on 
beverages: 

Beverage  Consumption  and  Changes  in  Bone  Mass  and  Stress  Fracture  Occurrence 
Background 

Certain  beverages  are  believed  to  affect  bone  growth,  bone  loss,  and  fracture  risk.  Milk 
has  been  linked  to  increased  bone  mass  and  density  and  lower  fracture  risk  in  some  but 
not  all  studies.  Coffee,  caffeine,  soda  (particularly  cola-type  sodas),  and  alcohol  have 
been  linked  to  bone  loss  and  increased  fracture  in  some  but  not  all  studies.  Most  studies 
of  beverage  intake  and  bone  in  women  have  focused  on  adolescent  or  post-menopausal 
populations.  We  analyzed  data  on  the  effects  of  soda,  caffeinated  coffee,  caffeine,  soy 
milk,  dairy  milk,  and  alcohol  on  fracture  risk  and  changes  in  bone  mass  and  density  in 
young  adult  women  runners. 

Results 

Of  the  150  women  randomized  in  the  study,  125  women  provided  data  on  beverage 
consumption  and  also  provided  follow-up  data,  and  only  these  women  were  included  in 
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these  analyses.  Table  1  (page  24)  displays  descriptive  statistics  on  the  consumption  of 
soda,  caffeinated  coffee,  caffeine  (from  beverages),  soy  milk,  dairy  milk,  and  alcohol  at 
baseline.  Most  of  the  distributions  were  right  skewed,  with  low  to  moderate  average 
consumption  and  few  heavy  consumers.  The  average  milk  intake  (dairy  milk  consumed 
as  a  beverage)  was  8  ounces  per  day;  the  majority  of  dairy  milk  consumed  was  skim 
milk.  The  average  caffeinated  coffee  intake  was  less  than  8  ounces  per  day,  and  average 
caffeine  was  150  mg  per  day.  The  women  drank  less  than  8  ounces  of  soda  per  day, 
mostly  from  diet  soda  rather  than  sweetened  soda.  The  average  alcohol  intake  was  low  at 
less  than  3  standard  drinks  per  week. 

Beverages  and  stress  fracture 

Eighteen  runners  had  at  least  one  stress  fracture  during  the  study  in  the  tibia,  foot,  femur, 
or  pelvis.  We  explored  the  relationship  between  baseline  beverage  consumption  and 
stress  fractures  using  two  approaches:  Table  2a  (page  25)  shows  hazard  ratios  for 
beverages  treated  as  continuous  variables;  Table  2b  (page  26)  shows  hazard  ratios  for  the 
top  quartiles  of  beverage  consumption  (compared  with  the  lower  three  quartiles).  Results 
were  similar  with  both  analyses.  After  adjusting  for  clinical  site,  treatment  group 
assignment,  menstrual  status  at  baseline,  spine  bone  density,  age,  and  stress  fracture 
history  in  Cox  proportional  hazards  models,  we  found  that  only  intakes  of  skim  milk  and 
total  dairy  milk  were  significantly  related  to  fracture.  Every  additional  cup  of  skim  milk 
consumed  per  day  was  associated  with  a  62%  reduced  fracture  risk;  every  additional  cup 
of  any  dairy  milk  consumed  per  day  was  correlated  with  a  57%  reduction  in  risk.  Levels 
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of  low-fat  and  whole  milk  consumption  were  low,  which  may  explain  the  failure  to  find 
effects  with  these  specific  beverages. 


There  were  insufficient  numbers  at  truly  “high”  levels  of  consumption  to  evaluate 
the  effects  of  high  levels  of  caffeine,  coffee,  soda,  and  alcohol  (which  have  previously 
been  associated  with  increased  fracture  risk).  Women  in  the  top  quartile  of  consumption 
of  these  beverages  were  generally  consuming  what  would  be  considered  light  to  moderate 
amounts.  At  these  levels,  we  found  no  evidence  of  harmful  effects  for  these  beverages. 
However,  we  cannot  rule  out  harmful  effects  at  higher  levels  of  consumption. 

Results  did  not  vary  by  menstrual  group  (amenorrheic,  oligomenorrheic,  and 
eumenorrheic)  or  by  disordered  eating  status  (yes/no).  We  found  no  evidence  of 
confounding  by  weight,  caloric  intake,  or  training,  so  these  variables  were  not  included  in 
the  final  models. 

We  found  similar  results  when  we  repeated  all  analyses  using  average  beverage 

consumption  over  the  entire  study  period  rather  than  baseline  beverage  consumption  and 
when  we  modeled  consumption  as  a  time-dependent  (time-changing)  variable.  In  these 
analyses,  hazard  ratio  estimates  were  similar  but  confidence  intervals  were  slightly  wider 
reflecting  variability  over  the  study  period. 

Beverages  and  changes  in  bone  mineral  content  and  density 

Table  3  (pages  27-28)  shows  the  relationship  between  beverage  consumption  and 
changes  in  bone  mineral  content  (BMC)  and  bone  mineral  density  (BMD).  Annual  rates 
of  change  were  obtained  from  linear  mixed  models,  adjusted  for  clinical  site,  age,  annual 
menses,  and  treatment  assignment  in  the  randomized  trial.  Skim  milk  and  total  milk 
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predicted  changes  in  hip  BMD  and  whole  body  BMC.  Every  additional  cup  of  skim  milk 
consumed  per  day  increased  the  rate  of  change  in  hip  BMD  by  .00263  ±  .00089  g/cm“ 
and  increased  the  rate  of  change  in  whole  body  BMC  by  5.2  +  2.2  grams  per  year. 
Estimates  were  similar  for  total  dairy  milk. 

Caffeine  and  caffeinated  coffee  predicted  positive  changes  in  spine  and  hip 
BMD..  It  is  possible  that  women  are  consuming  a  significant  amount  of  dairy  milk  in 
their  coffee,  which  could  explain  this  effect.  However,  caffeine  and  caffeinated  coffee 
were  not  associated  with  changes  in  whole  body  BMC  (as  seen  with  milk). 

None  of  the  other  beverages  were  significantly  associated  with  bone  changes.  For 
sweetened  soda  and  alcohol,  the  rates  of  change  tended  to  be  negative,  but  this  was  not 
consistent  at  all  bone  sites. 

Trends  were  very  similar  among  the  different  menstrual  groups,  so  we  did  not 
stratify  on  menstrual  group  for  the  final  models.  There  was  no  evidence  of  confounding 
by  weight,  caloric  intake,  or  training,  so  these  variables  were  not  included  in  the  final 
models. 

Conclusions 

Skim  milk  and  total  dairy  milk  are  protective  against  fracture  and  are  associated  with 
longitudinal  increases  in  hip  BMD  and  whole  body  BMC.  No  other  beverages  appear 
associated  with  fracture  (either  harmful  or  protective),  at  least  at  the  levels  being 
consumed  by  these  women.  Surprisingly,  caffeine  and  coffee  are  associated  with  positive 
changes  in  spine  and  hip  BMD.  This  finding  could  be  due  to  chance,  unmeasured 
confounding,  or  could  reflect  the  addition  of  dairy  products  to  coffee.  No  other  beverages 
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were  associated  with  changes  in  bone  density  or  mass,  but  the  levels  of  consumption  may 
have  been  too  low  to  detect  effects. 


Limitations 

Our  questionnaire  did  not  distinguish  between  cola  types  of  soda  and  other  types.  This 
may  have  obscured  our  ability  to  see  the  effects  of  cola-type  sodas,  which  may  be  more 
harmful  for  bone.  The  women  in  our  study  generally  reported  only  light  to  moderate 
consumption  of  soda,  coffee,  and  alcohol,  so  we  cannot  rule  out  harmful  effects  at  higher 
levels  of  consumption. 
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Table  1.  Descriptive  statistics  for  selected  beverages,  baseline  consumption  (n=125). 


Beverage 

Mean 

SD 

Median 

Min. 

Max. 

Sweetened  soda,  ounces/day 

1.4 

3.5 

0 

0 

30.0 

Diet  soda,  ounces/day 

4.2 

10.3 

0 

0 

54.0 

Total  soda,  ounces/day 

5.6 

10.6 

1.4 

0 

54.0 

Caffeinated  coffee,  ounces/day 

6.3 

12.1 

0.6 

0 

72.0 

Caffeine,  mg/day 

140 

233 

33 

0 

1350 

Soy  milk,  ounces/day 

1.8 

4.6 

0 

0 

36.0 

Skim  milk,  ounces/day 

5.7 

8.5 

2.6 

0 

56.0 

Low-fat  milk,  ounces/day 

1.7 

4.5 

0 

0 

20.0 

Whole  milk,  ounces/day 

0.1 

0.3 

0 

0 

2.6 

Total  dairy  milk,  ounces/day 

9.3 

9.1 

6.9 

0 

56.0 

Wine,  ounces/day 

0.4 

0.8 

0 

0 

3.9 

Beer,  ounces/day 

1.7 

3.5 

0.5 

0 

30.0 

Liquor,  ounces/day 

0.1 

0.2 

0 

0 

0.9 

Total  alcohol,  standard  drinks/day 

0.3 

0.4 

0.1 

0 

2.6 
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Table  2a.  Adjusted*  hazard  ratios  (and  95%  confidence  interval)  for  associations 
between  beverage  consumption  and  stress  fractures. 


Beverage 

Hazard  Ratio  (95%  Cl) 

Sweetened  soda,  cups/day 

0.43  (0.02,  11.15) 

Diet  soda,  cups/day 

0.93  (0.53,  1.62) 

Total  soda,  cups/day 

0.91  (0.52,  1.57) 

Coffee,  cups/day 

0.94  (0.63,  1.40) 

Caffeine,  lOOmg/day 

0.95  (0.73,1.25) 

Soy  milk,  cups/day 

1.27  (0.52,3.12) 

Skim  milk,  cups/day 

0.38  (0.16,0.89)** 

Low-fat  milk,  cups/day 

0.86  (0.34,2.17) 
Insufficient  data  to 

Whole  milk,  cups/day 

estimate 

Total  dairy  milk,  cups/day 

0.43  (0.20,  0.89)** 

Wine,  ounces/day 

0.09  (0.01,  1.40) 

Beer,  ounces/day 

0.83  (0.52,  1.34) 

Liquor,  ounces/day 

2.32  (0.05,  103.05) 

Total  alcohol,  standard  drinks/day 

0.21  (0.01,6.38) 

*Adjusted  for  clinical  site,  treatment  group  assignment,  menstrual  status  at  baseline, 
spine  bone  density,  age,  and  stress  fracture  history. 

**p<.05 
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Table  2b.  Adjusted*  hazard  ratios  (and  95%  confidence  interval)  for  associations 
between  high  consumption  of  beverages  (top  quartile)  and  stress  fractures. 


Beverage 

Hazard  Ratio  (95%  Cl) 

Sweetened  soda,  >1  oz/day 

0.75  (0.18,3.07) 

Diet  soda,  >2  oz/day 

0.45  (0.07,  4.43) 

Total  soda,  >5  oz./day 

0.69  (0.12,4.10) 

Coffee,  >8  ounces/day 

0.69  (0.12,4.10) 

Caffeine,  >181  mg/day 

0.69  (0.12,4.10) 

Soy  milk,  >1  oz/day 

0.99  (0.23,  4.22) 

Skim  milk,  >8  ounces/day 

0.08  (0.01,0.79)** 

Low-fat  milk,  >  0.05  ounces/day 

0.69  (0.17,2.78) 

Whole  milk,  >  0  ounces/day 

0.84  (0.19,3.67) 

Total  dairy  milk,  >8.5  ounces/day 

0.14(0.02,0.79)** 

Wine,  >  0.4  ounces/day 

0.09  (0.01,  1.04) 

Beer,  ounces/day,  >  1.7  ounces/day 

0.47  (0.09,  2.32) 

Liquor,  >  0.1  ounces/day 

0.89  (0.20,3.93) 

Total  alcohol,  >0.4  standard  drinks/day 

0.26  (0.03,2.53) 

*Adjusted  for  clinical  site,  treatment  group  assignment,  menstrual  status  at  baseline, 
spine  bone  density,  age,  and  stress  fracture  history. 

**p<.05 
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Table  3.  Adjusted*  annual  rates  of  change  in  spine,  hip,  and  whole  body 
mineral  density  (BMD)  and  whole  body  bone  mineral  content  (BMC)  and 
skeletal  area  by  beverage  consumption. 


Beverage 


Spine  BMD  Total  hip  BMD 

2  2 
(g/cm  /year  ±  (g/cm  /year  ± 


SE)  SE) 


Sweetened  soda,  rate  of 

-.00032  ± 

.00140  + 

change  per  additional 

.00195 

.00184 

cup/day 

Diet  soda,  per  additional 

.00067  ± 

.00032  ± 

cup/day 

.00086 

.00081 

Total  soda,  per  additional 

.00053  ± 

.00052  ± 

cup/day 

.00081 

.00076 

Coffee,  per  additional 

.00146  + 

.00167  + 

cup/day 

.00066 1 

.00063“ 

Caffeine,  per  additional 

.00098  ± 

.00111  ± 

100  mg/day 

.00043  1 

** 

.00041 

Soy  milk,  per  additional 

-.00099  ± 

.00081  ± 

cup/day 

.00202 

.00191 

Whole  body 
BMC 

(g  /year  ±  SE) 
-3.1  ±4.4 

1.3  ±  1.9 

0.5  +  1.8 

-0.4+  1.5 

-0.2+  1.0 

1.1  ±4.5 
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Skim  milk,  per  additional 
cup/day 

.00096  ± 

.00263  ± 

.00089s 

5.2  + 2.2 1 

.00096 

Low-fat  milk,  per 

-.00149  ± 

.00053  ± 

1.2  ±4.5 

additional  cup/day 

.00200 

.00019 

Total  dairy  milk,  per 
additional  cup/day 

.00064  ± 

.00268  ± 

5.1  +  2.1 1 

.00093 

GO-5 

M2 

00 

O 

o 

o 

Wine,  per  additional 

-.00042  ± 

.00205  ± 

-2.0  ±3.5 

ounce/day 

.00093 

.00146 

Beer,  per  additional 

-.00025  ± 

.00006  ± 

0.2  ±0.7 

ounce/day 

.00031 

.00030 

Liquor,  per  additional 

-.01220  ± 

.00359 ± 

-0.7  +  18.5 

ounce/day 

.00812 

.00771 

Total  alcohol,  per 
additional  standard 

-.00299  ± 

.00030  ± 

-0.1  ±6.5 

drink/day 

.00284 

.00269 

*  Annual  rates  of  change  are  estimated  from  linear  mixed  models,  adjusted  for 
clinical  site,  age,  annual  menses,  and  treatment  assignment  in  the  randomized 
trial. 

|  p<.05,  rate  of  change  differs  from  0. 

**  p<.01,  rate  of  change  differs  from  0. 
i  p<.  10,  rate  of  change  differs  from  0. 

§  p<.005,  rate  of  change  differs  from  0. 
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No-Cost  Extension  Objective  (4)  analyze  the  data  to  try  to  see  what  factors  are 
associated  with  spontaneous  return  of  regular  menses  among  women  with 
irregular  periods. 

As  expected,  numbers  were  too  small  for  definitive  results,  but  we  summarize  our 
tentative  results  below.  We  have  not  yet  decided  whether  these  results  merit 
publication. 

Factors  Associated  with  Return  to  Menses 
Background 

The  female  athlete  triad,  a  syndrome  consisting  of  disordered  eating,  menstrual 
irregularity,  and  osteopenia/osteoporosis,  is  of  concern  among  female  athletes. 
Because  of  the  interrelationships  among  dietary,  exercise,  and  behavioral 
characteristics,  it  is  difficult  to  detennine  what  factors  are  responsible  for 
cessation  of  menses.  It  is  also  unclear  what  factors  contribute  to  resumption  of 
nonnal  menstrual  function  in  amenorrheic  and  oligomenorrheic  athletes.  This 
analysis  sought  to  identify  factors  associated  with  the  resumption  of  menses  in 
those  oligo/amenorrheic  at  baseline. 

The  study  population  for  these  analyses  consisted  of  those  who  were 
amenorrheic  or  oligomenorrheic  at  baseline,  had  taken  oral  contraceptive  pills  for 
less  than  6  months  during  the  study,  and  had  at  least  one  follow-up  visit.  We 
approached  the  analysis  as  a  case-control  study,  in  which  we  divided  this  group 
into  two  subgroups  based  on  the  menstrual  pattern  at  the  final  follow-up  visit.  If 
the  participant  had  resumed  a  normal  menstrual  pattern,  she  was  considered  to 
have  “spontaneously  resumed”  her  periods.  If  she  remained  with  irregular 
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menstrual  patterns  at  study  visit  3,  she  was  considered  to  have  “remained 
irregular”  Factors  of  interest  were  analyzed  at  baseline,  the  first  follow-up  visit, 
and  the  second  follow-up  visit.  In  addition  to  the  three  points,  variables  were  also 
analyzed  based  on  the  changes  between  follow-up  visits.  To  identify  factors 
associated  with  resumption  of  menses,  means  of  the  variables  of  interest  were 
compared  using  ANOVA  tests.  A  level  of  p<0. 10  was  considered  statistically 
significant. 

Results 

Of  the  25  runners  included  in  the  analysis,  14  spontaneously  regained  (SR) 
nonnal  menstrual  function  by  their  final  follow-up  visit  and  1 1  remained  irregular 
(RI).  Table  1  (page  33)  shows  characteristics  of  women  in  the  two  groups. 

Table  2  (pages  34-36)  shows  that  the  SR  group  was  more  likely  to  have 
had  a  decrease  in  eating  disorder  inventory-  anorexia  nervosa  subscale  score 
between  baseline  and  the  first  follow-up  visit  than  the  RI  group.  For  the  total 
eating  disorder  inventory  scale,  the  SR  group  had  a  trend  towards  decreasing 
scores  at  each  follow-up  visit,  while  the  RI  group  did  not.  The  SR  group 
consumed  more  total  daily  calories  than  the  RI  group  at  baseline.  The  SR  group 
continued  to  consume  more  calories  per  day  at  each  follow-up  compared  to  the  RI 
group,  although  these  differences  were  not  statistically  significant.  The  SR  group 
also  had  a  greater  increase  in  percentage  of  calories  from  fat  than  the  RI  group 
between  follow-up  visits  1  and  2;  this  trend,  although  not  statistically  significant, 
appeared  between  baseline  and  follow-up  visit  2  as  well.  The  SR  group  ran  more 
miles  per  week  than  the  RI  group  at  baseline  and  first  follow-up,  but  the  SR  group 
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showed  a  trend  towards  greater  decrease  in  mileage  over  the  study  period  than  the 
RI  group.  Finally,  there  was  a  non-significant  trend  towards  an  increase  in  weight 
over  time  in  the  SR  group,  as  compared  to  a  slight  decrease  in  weight  for  the  RI 
group. 

Menstrual  resumption  was  also  analyzed  as  a  function  of  energy  balance. 

A  calculation  for  energy  balance  was  created  as  the  kilocalories  consumed  minus 
the  kilocalories  expended  in  running.  While  the  SR  group  appeared  to  have  a 
larger  energy  “reservoir”  at  each  time  point,  the  findings  were  not  statistically 
significant. 

Several  factors  not  included  in  the  table  were  examined  but  did  not  yield 
any  notable  findings,  including  lean  mass,  fat  mass,  and  the  eating  disorder 
inventory-  bulimia  nervosa  subscale. 

Conclusions 

Despite  the  small  numbers  of  participants,  increased  intake  of  calories  and 
dietary  fat  was  associated  with  the  resumption  of  normal  menses.  Additionally,  a 
decrease  in  eating  disorder  behaviors,  specifically  anorexic  behaviors,  was  linked 
to  the  resumption  of  normal  menses. 

Surprisingly,  the  athletes  with  the  greatest  weekly  mileage  were  also  the 
athletes  who  tended  to  resume  normal  menses.  However  the  spontaneous 
resumption  group  tended  to  have  decreased  their  mileage  over  time  to  a  somewhat 
larger  degree  than  the  group  that  remained  irregular.  It  would  be  of  interest  to 
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study  the  effects  of  changes  in  level  of  physical  activity  in  a  larger  study 
population. 

Finally,  it  would  be  expected  that  an  increase  in  body  weight  would  reflect 
a  greater  energy  reserve  and  be  associated  with  a  resumption  of  menstrual 
function.  In  this  analysis,  weight  and  percent  body  fat  and  increases  in  weight 
and  fat  did  not  differ  significantly  between  those  who  did  and  those  who  did  not 
resume  normal  menstrual  function.  However,  as  seen  in  project  (2),  increases  in 
weight  and  fat  tend  to  result  in  subsequent  caloric  restriction  and  increases  in  the 
eating  disorder  inventory  score  among  oligo/amenorrheic  women.  With  the 
relatively  small  number  of  women  included  in  project  (4),  it  is  difficult  to  sort  out 
the  role  of  these  various  interrelated  factors. 

Limitations 

A  major  limitation  is  of  course  the  small  sample  size.  Reliance  on  self-report  of 
most  variables  and  lack  of  hormone  measurements  are  other  limitations. 
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Table  1.  Characteristics  of  Subsample  Used  in  These  Analyses  by  Menstrual 
Status  at  Last  Follow-up:  Mean  (and  Standard  Deviation) 


Characteristics 

Periods 

Remained 

Irregular 

N=ll 

Mean  (SD) 

Regained 

Periods 

Spontaneously 

N=14 

Mean  (SD) 

Mean  of  2 
groups 

N=25 

Mean  (SD) 

Age  in  years 

23.0  (2.7) 

21.3  (3.0) 

22.0  (2.9) 

Weight  in  pounds 

127.  3  (12.9) 

130.2(12.1) 

128.9(12.3) 

Height  in  inches 

66.2  (2.1) 

65.7  (2.5) 

65.9  (2.3) 

Body  mass  index 

20.5  (1.5) 

21.2(1.3) 

20.9(1.4) 

Percent  body  fat 

23.9(6.5) 

22.8  (5.1) 

23.3  (5.7) 

Age  at  menarche  in  years 

13.6(1.5) 

13.9(1.5) 

13.7(1.5) 

Average  number  of  periods  per 

6.3  (1.7) 

6.3  (2.6) 

6.3  (2.2) 

year  since  menarche 

Number  of  menses  in  past  year 

6.0  (2.9) 

5.1  (3.2) 

5.5  (3.0) 

Age  in  years  at  which  started 

14.5  (3.6) 

13.4  (3.8) 

13.8(3.7) 

training 

Number  of  competitive  seasons 

10.2  (6.4) 

12.6  (6.0) 

11.5  (6.2) 

run 
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Table  2.  Mean  (and  standard  deviation)  and  changes  in  mean  (and  standard 
deviation)  for  selected  variables  by  menstrual  status  at  last  follow-up 


Variable 

Remained 

Irregular 

Group 

N=ll* 
Mean  (SD) 

Regained 

Spontaneously 

Group 

N=14* 
Mean  (SD) 

p-value 

Score  on  anorexia  subscale  of 

Eating  Disorder  Inventory: 

At  baseline 

6.6  (5.9) 

9.2  (7.3) 

.35 

At  follow-up  1 

7.7  (6.1) 

7.1  (6.5) 

.84 

At  follow-up  2 

5.6  (5.1) 

8.6  (7.6) 

.36 

Change  from  baseline  to  1 

1.1  (2.1) 

-1.0  (2.4) 

.05 

Change  from  baseline  to  3 

0.8  (6.8) 

-0.5  (2.7) 

.60 

Total  Eating  Disorder  Inventory 

score 

At  baseline 

14.1  (10.7) 

20.3  (14.1) 

.24 

At  follow-up  1 

16.2(11.0) 

18.8  (16.4) 

.70 

At  follow-up  2 

13.0(12.2) 

18.5  (16.1) 

.43 

Change  from  baseline  to  1 

2.2  (6.3) 

-.3  (7.5) 

.43 

Change  from  baseline  to  3 

1.0(15.1) 

-1.3  (8.8) 

.69 

Daily  kilocalories  consumed 

At  baseline 

2135  (608) 

2780  (1025) 

.08 

At  follow-up  1 

1643  (448) 

2198  (1312) 

.24 
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At  follow-up  2 

1637(417) 

2336  (1056) 

.12 

Change  baseline  to  1 

-339  (489) 

-437  (606) 

.70 

Change  from  baseline  to  2 

-324  (328) 

-529  (681) 

.48 

Percentage  of  daily  kilocalories 

from  fat 

At  baseline 

17.8(5.7) 

15.1  (4.7) 

.22 

At  follow-up  1 

18.4  (7.0) 

19.5  (6.7) 

.72 

At  follow-up  2 

18.6(4.0) 

19.9  (7.3) 

.66 

Change  from  baseline  to  1 

0.1  (3.1) 

4.5  (5.5) 

.05 

Change  from  baseline  to  2 

1.1  (2.8) 

5.2  (6.2) 

.12 

Miles  run  per  week 

At  baseline 

31.0(9.9) 

42.1  (16.4) 

.06 

At  follow-up  1 

27.2  (10.4) 

38.3  (15.1) 

.07 

At  follow-up  2 

27.1  (13.4) 

34.8  (17.4) 

.31 

Change  from  baseline  to  1 

-3.2(12.6) 

-4.2(10.2) 

.84 

Change  from  baseline  to  2 

-2.2(12.5) 

-7.1  (13.6) 

.43 

Weight  in  pounds 

At  baseline 

127.3  (12.9) 

130.2(12.1) 

.57 

At  follow-up  1 

125.6(12.9) 

129.6(14.2) 

.50 

At  follow-up  2 

126.6(17.4) 

135.0(12.1) 

.25 

Change  from  baseline  to  1 

-.6(3.9) 

-1.1  (6.2) 

.85 

Change  from  baseline  to  2 

-2.1 (15.5) 

5.1  (8.3) 

.23 

Percent  body  fat 
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At  baseline 

24.0  (6.5) 

22.8(5.1) 

.62 

At  follow-up  1 

23.2  (6.6) 

23.4  (4.4) 

.93 

At  follow-up  2 

23.4(10.4) 

22.0  (6.3) 

.75 

Change  from  baseline  to  1 

-.6(1.3) 

-.2  (3.8) 

.79 

Change  from  baseline  to  2 

-1.8  (7.2) 

1.0  (4.5) 

.35 

Energy  balance:  Daily 

kilocalories  consumed  minus 

daily  kilocalories  expended  in 

running 

At  baseline 

1781  (606) 

2288  (1136) 

.19 

At  follow-up  1 

1305  (311) 

1995  (1523) 

.26 

At  follow-up  2 

1331 (328) 

1652  (818) 

.35 

Change  from  baseline  to  1 

-276  (622) 

-263  (617) 

.97 

Change  from  baseline  to  2 

-308  (388) 

-547  (658) 

.42 

*N=25  for  all  variables  at  baseline.  At  follow-up  visits  1  and  2,  N<25  because  of 


missing  data. 
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(7)  KEY  RESEARCH  ACCOMPLISHMENTS: 


Results  related  to  bone  health: 

•  A  two-year  randomized  trial  of  the  effect  of  oral  contraceptives  on  bone  mass 
and  stress  fracture  occurrence  in  young  female  distance  runners  was  completed. 
•Randomization  to  oral  contraceptives  was  unrelated  to  changes  in  bone  mineral 
density  or  bone  mineral  content  in  either  oligo/amenorrheic  or  eumenorrhic 
runners. 

•When  actual  oral  contraceptive  use  was  considered  (rather  than  the  group  to 
which  women  were  randomly  assigned),  oligo/amenorrheic  runners  who  used  oral 
contraceptives  gained  about  1%  spine  bone  mineral  density  and  whole -body  bone 
mineral  content,  an  amount  similar  to  the  gain  in  those  who  regained  periods 
spontaneously  and  significantly  greater  than  those  who  remained 
oligo/  amenorrheic . 

•Oral  contraceptives  may  protect  against  stress  fractures,  but  results  are  not 
definitive. 

•Milk  consumption  was  associated  with  a  decreased  risk  for  stress  fracture  and 
longitudinal  increases  in  hip  bone  mineral  density  and  whole-body  bone  mineral 
content. 

•Risk  factors  for  stress  fracture  in  this  study  were  previous  stress  fractures,  lower 
bone  mass,  younger  chronologic  age,  lower  dietary  calcium  intake,  and  younger 
age  at  menarche,  and  possibly  a  history  of  irregular  menstrual  periods. 
•Training-related  factors  were  not  related  to  stress  fracture  risk. 
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•Gains  in  weight,  fat  mass,  percent  body  fat,  and  lean  mass  were  associated  with 
increases  in  bone  mineral  density  in  the  spine  and  hip,  but  only  among  those  who 
were  initially  oligo/amenorrheic. 

Secondary  analyses:  results  related  to  weight  and  body  composition 
•Oral  contraceptives  did  not  cause  weight  or  fat  gain. 

•Oral  contraceptives  may  be  associated  with  lean  mass  gain  among  eumenorrhic, 
but  not  among  amenorrheic  and  oligomenorrheic  runners. 

•Running  more  miles  per  week  was  associated  with  reduction  in  weight  and  fat 
mass,  but  not  lean  mass. 

•Weekly  duration  of  weight  lifting  was  associated  with  increases  in  lean  mass,  but 
not  weight  or  fat  mass. 

•Runners  who  gained  weight  and  fat  mass  subsequently  tended  to  restrict  their 
total  caloric  intake. 

•Oligo/amenorrheic  runners  who  gained  weight  and  fat  mass  subsequently  tended 
to  show  increases  in  their  eating  disorder  score. 

Secondary  analysis:  factors  possibly  associated  with  return  to  regular  menses 
among  those  amenorrheic  or  oligomenorrheic  at  baseline: 

•Return  to  regular  menses  among  those  with  irregular  menses  may  be  associated 
with  more  daily  calories  consumed,  more  fat  consumption,  a  lower  tendency 
towards  eating  disorders,  and  a  greater  number  of  miles  run  per  week  early  in  the 
study  but  a  slightly  greater  decrease  in  weekly  miles  run  over  time.. 


37 


(8)  REPORTABLE  OUTCOMES 
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(10)  CONCLUSIONS  (adapted  from  manuscript  Abstracts) 

In  order  to  gain  bone  mass,  oligo/amenorrheic  athletes  with  low  bone  mass  should 
be  advised  to  gain  weight,  increase  dietary  calcium,  and  take  steps  to  resume 
nonnal  menses;  they  may  benefit  from  oral  contraceptives,  but  our  results  are  not 
conclusive.  Oral  contraceptives  may  reduce  the  risk  for  stress  fracture  in  female 
runners,  but  our  data  are  again  not  conclusive.  The  oral  contraceptive  used  in  this 
study,  Lovral,  was  not  associated  with  weight  or  fat  mass  gain.  Further  study  is 
needed  to  evaluate  our  finding  that  use  of  this  oral  contraceptive  was  associated 
with  lean  mass  gain  in  eumenorrheic  women,  The  results  of  this  and  other  studies 
indicate  that  risk  factors  for  stress  fracture  among  young  female  runners  include 
one  or  more  previous  stress  fractures,  lower  bone  mass,  and,  although  not 
statistically  significant  in  the  present  study,  menstrual  irregularity.  More  study  is 
needed  of  the  associations  between  risk  for  stress  fracture  according  to  age, 
calcium  intake,  and  age  at  menarche.  Because  of  difficulty  in  recruitment  and 
because  many  young  women  have  reason  to  switch  onto  or  off  oral  contraceptives 
during  a  trial,  it  will  be  difficult  to  conduct  a  randomized  trial  that  definitely 
answers  the  question  of  whether  use  of  oral  contraceptives  protects  against  loss  of 
bone  mass  and  reduces  the  risk  for  stress  fractures  in  young  female  distance 
runners. 

(11)  REFERENCES:  None 

(12)  APPENDICES:  See  attached  publication,  two  manuscripts  in  press,  and 
one  manuscript  about  to  be  submitted. 
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ABSTRACT 

C0B3.  K  L..  L.  K  BACHRACH.  G  GREENDALE.  R  MARCUS.  R  M  NEER  J.  NIEVES.  M  F  SOBERS.  B  W  BROWN.  JR. 
G.  GOPALAKRISHNAN.  C  LUETTERS.  H.  K  TANNER  B.  WARD,  and  J.  L  KELSEY  Disordered  Eating.  Menstrual  Iiregiuanty. 
and  3one  Mmeral  Density  in  Female  Euanm  Med  Sci.  Sports  Exerc  .  VoL  35,  No.  5.  pp.  711-719. 2003  Purpose:  To  examine  the 
relationships  between  disordered  eating.  menscual  irregularity.  and  low  bone  mineral  density  (HMD)  in  young  female  runners. 
Methods:  Subjects  were  91  competitive  female  distance  runners  aged  IS -2d  yr.  Disordered  eating  was  measured  by  die  Eadng 
Disorder  Inventory  (EDI)  Menstrual  inegulanty  was  defined  as  oligo  amenorrisea  (0-9  menses  per  year).  3MD  was  measured  by  dual 
x-ray  absorptiometry  Results:  An  elevated  score  on  the  EDI  (highest  quartJe)  was  associated  with  oligo  amenorrhea,  after  adjusting 
for  percent  body  fat.  age.  miles  run  per  week,  age  at  menarche.  and  dietary  fat  (OR  [95%  Cl]  4  6  [1.1—18.6]).  Oligo  amenocibac 
runners  had  lower  3MD  than  eumenocrheic  runners  at  the  spine  (-5%).  hip  (-6%).  and  whole  body  (-3%X  even  after  accounting 
for  weight,  percent  body  fat.  EDI  score,  and  age  at  menarche.  Eumenorrheic  runners  with  elevated  EDI  scores  had  lower  BMD  than 
eumecotrheic  runners  wrtfa  normal  EDI  scores  at  the  spine  (-11%).  with  trends  at  the  hip  (-5%).  and  whole  body  (-5%).  after 
adjusting  for  differences  in  weight  and  percent  body  fat  Runners  with  both  an  elevated  EDI  score  and  oligo  amenorrhea  had  no  further 
reduction  in  BMD  than  runners  with  only  one  of  these  nsk  factors.  Conclusion:  hi  young  competitive  female  distance  rumen,  (i) 
disordered  eating  is  strongly  related  to  menscual  inegulanty.  (ii)  menscual  ^regularity  is  associated  with  low  BMD.  and  (iu)  disordered 
eating  is  associated  with  low  BMD  in  the  absence  of  menscual  inegulanty.  Key  Words:  FEMALE  ATHLETES.  LONG  DISTANCE, 
OSTEOPENIA  OSTEOPOROSIS.  AMENORRHEA.  OLIGOMENORRHEA  EATING  ATTITUDES.  EATING  DISORDER  IN- 
\"ENT ORY.  FEMALE  ATHLETE  TRIAD 


The  '  female  athlete  triad"  (33)  is  the  combination  of 
disordered  eating,  menstrual  inegularitv.  and  osteo¬ 
porosis  osteopenia  seen  in  young  female  athletes. 
Disordered  eating,  which  affects  as  many  as  two  thirds  of 
young  female  athletes  (33),  consists  of  restrictive  eating 
behaviors  that  do  not  necessarily  reach  the  level  of  a  clinical 
eating  disorder  (2).  Women  athletes  with  disordered  eating 
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may  limit  then  caloric  and  or  fat  intakes  but  maintain  high 
naming  levels,  often  resulting  in  a  state  of  chronic  energy 
deficit  Among  other  adverse  consequences,  energy  imbalance 
has  been  linked  to  depressed  estrogen  levels,  metabolic  distur¬ 
bances.  and  amenorrhea  or-  oligomenonfaea  (2,7,2634,49.50). 
Amenonheic  oligomenorrheic  athletes  on  average  have  lower 
bone  mineral  density  (BMD)  than  eumenorrheic  controls 
(6,7,9,20,22-24,26,2*8,29.32,34,37-39,46,48,49)  Thrs  bone 
deficit  may  be  related  to  an  increased  incidence  of  stress 
fractures  (1,10,30)  and  may  be  only  partially  reversible 
(16,18,21)  putting  women  at  lisk  for  life-long  health 
consequences 

The  existence  of  the  female  athlete  triad  is  implicit  in  studies 
that  established  a  relationship  between  eating  behaviors  and 
menstrual  inegulanty  (2,7,26,34,39,49.50)  and  those  that  es¬ 
tablished  a  relationship  between  menstrual  inegulanty  and  low 
BMD  (6,7,9,20,22-24,26,28,2932,34,37-39,45,47,48).  How- 
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ever,  few  studies  have  actually  measured  menstiuation.  diet, 
and  BMD  simultaneously  (7,233634,39).  and  these  studies 
were  conducted,  largely,  before  die  female  athlete  triad  was 
recognized  as  a  distinct  syndrome.  Therefore,  the  female  ath¬ 
lete  triad  has  yet  to  be  explored  as  a  triad,  and  the  complex 
relationships  among  all  three  components  have  yet  to  be 
established. 

In  this  article,  we  examine  eating  attitudes  and  patterns, 
menstrual  status,  and  BMD  in  a  group  of  91  competitive 
female  distance  runners,  using  data  collected  at  the  baseline 
examination  of  a  randomized  controlled  trial.  We  examine 
the  etiology*  of  menstrual  irregularity  in  this  population, 
specifically  as  it  relates  to  diet  and  eating  behaviors  We 
address  the  question  of  whether  low  body  weight  can  ex¬ 
plain  the  differences  in  BMD  between  etunenorrheic  and 
oligo  amenorrheic  athletes,  as  several  researchers  have  sug¬ 
gested  (6,32,45,48)  or  if  menstrual  irregularity  is  associated 
with  BMD  independently  of  low  weight.  Finally,  we  exam¬ 
ine  the  relationship  between  disordered  eating  and  BMD 
independent  from  menstrual  irregularity,  a  link  that  has  not 
been  well  studied  in  female  athletes. 

MATERIALS  AND  METHODS 

We  analyzed  the  baseline  cross-sectional  data  from  91 
competitive  female  long-distance  runners,  aged  18-25  yr, 
who  enrolled  in  a  randomized  contr  olled  trial  to  examine  the 
effect  of  oral  contraceptives  on  BMD  in  female  runners. 

Subjects.  Women  were  recruited  from  intercollegiate 
cross-country*  teams,  postcollegiate  running  chibs,  and  road- 
race  participants  in  the  geogr  aphic  areas  of  Palo  Alto,  CA; 
Los  Angeles.  CA;  Ann  Arbor,  ML  West  Haver  straw,  NY: 
and  Boston.  MA.  To  be  eligible,  women  had  to  nm  at  least 
40  miles  wk“ 1  during  peak  training  times,  and  they  had  to 
compete  in  running  races.  Additionally,  because  the  women 
were  recruited  as  part  of  a  randomized  trial  of  oral  contra¬ 
ceptives,  they  could  not  have  used  oral  contraceptives  or 
other  hormonal  contraception  within  6  months  before  en¬ 
tering  the  study*;  they  had  to  be  willing  to  be  randomized  to 
take  oral  contraceptives  or  not  to  take  them:  and  they  could 
have  no  medical  contraindications  to  oral  contraceptive  use. 
All  women  were  required  to  visit  a  study  physician  or 
student  health  service  staff  member  before  enrollment  in  the 
study.  Details  of  the  study*  and  testing  procedures  were 
explained  to  each  subject,  and  a  written,  informed  consent 
was  obtained.  The  experimental  protocol  was  approved  by 
the  Institutional  Review  Boards  of  Stanford  University,  the 
University  of  California.  Los  Angeles,  the  University  of 
Michigan,  the  Helen  Hayes  Hospital,  and  Massachusetts 
General  Hospital. 

Questionnaire.  A  self-administered  questionnaire  was 
used  to  assess  training  regimen  and  menstrual  history 
Women  were  asked  to  record  the  number  of  miles  drey  r  an 
per  week  during  each  competitive  season  (fall  cross-coun¬ 
try*.  winter  track,  spring  track)  and  the  off-season  (summer) 
m  the  past  12  months.  From  this  information,  an  average 
number  of  miles  run  per  w*eek  was  calculated  for  the  year 
before  study  enrollment. 
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Women  reported  the  number  of  menses  in  the  previous  12 
months  and  were  classified,  accordingly,  as  eumenorrheic 
(10  or  more  cycles  in  the  past  year),  oligomenonheic  (4-9 
menstrual  cycles  per  year),  or  amenorrheic  (fewer  than  4 
cycles  in  the  past  year)  (40).  Menstrual  irregularity  has  been 
defined  as  0-9  menses  per  year  m  previous  studies  of  young 
women  runners  (1,28,30,39),  and  we  used  that  definition 
here  Both  oligomenonheic  and  aznenonheic  athletes  have 
previously  been  found  to  have  lower  serum  estradiol  con¬ 
centrations  (24,39,42)  and  to  have  lower  BMD  than  eum- 
enorrheic  athletes  (6,24,38,39,42).  In  our  study  population, 
amenonheic  and  oligomenonheic  athletes  were  similar  in 
BMD.  EDI  scores,  and  past  menstrual  inegularitv.  justifying 
then  combination  into  a  single  group  Women  recorded  their 
age  at  menarche  and  indicated  whether  they  had  had  0,  1-3, 
4-9,  or  10-13  menses  during  each  year  afiei  menarche 
Total  lifetime  menses  was  calculated  using  the  midpomt  of 
each  of  these  categories  The  total  number  of  past  years  of 
amenonhea  was  calculated  by  summing  the  number  of  years 
for  which  women  checked  *‘0”  or  3-3'  periods,  excluding 
die  year  of  menaiche  and  the  current  year-.  Past  oiigomen- 
onheic  years  w*ere  calculated  similarly,  except  using  the 
category*  ~4— 9;'  periods. 

Diet  and  dating  behaviors.  An  expanded  version  of 
the  97-item  National  Cancer  Institute  Health  Habits  and 
History  food  frequency  questionnaire  (4)  w*as  used  to  esti¬ 
mate  usual  nutrient  intake  during  the  prior  6  months  We 
modified  the  questionnaire  to  accommodate  the  special  diets 
of  college-aged  female  athletes  by  adding  low-fat  and  non¬ 
fat  versions  of  certain  foods,  vegetarian  and  vegan  foods, 
ethnic  foods,  and  sports  nutrition  pr  oducts  (such  as  Gatorade 
and  Power  Bars).  The  nutrient  contents  of  the  added  foods 
were  obtained  from  the  U.S.  Department  of  Agriculture 
Nutrient  Database  for  Standard  Reference,  release  14  (http:  7 

wwwjial.usda.gov/fiiic/fbodccaipX  riom  food  labels 

Total  intakes  of  energy,  protein,  fat,  carbohydrates,  calcium, 
phosphorous,  iron,  fiber,  and  vitamin  C  were  calculated. 

Three  subscales  (drive  for  thinness,  bulimic  tendencies, 
and  body  dissatisfaction)  of  the  Eating  Disorder  Inventory 
(EDI)  were  used  to  screen  for  subclimcal  eating  disorders 
(2,12,13).  Athletes  with  subclimcal  eating  disorders  have 
prev  iously  been  shown  to  have  significantly  elevated  scores 
on  these  three  subscales  of  the  EDI  (2,1 1,13,35).  Responses 
on  each  EDI  subscale  were  scored  separately  and  also 
totaled 

Physical  and  bon©  measurements.  At  each  of  the 
five  clinical  assessment  sites,  height  and  weight  were  mea¬ 
sured  using  standard  stadiometers  and  balance-beam  scales, 
respectively.  Body  mass  mdex  was  calculated  as  kilograms 
per  square  meter. 

BMD  (gem-2)  at  the  left  proximal  femur,  spine,  and 
whole  body,  and  body  composition  (lean  body  mass  and  fat 
mass)  were  measured  by  dual  energy  x-ray  absorptiometry 
(DXA;  QDR  4500 A.  Hologic).  The  coefficient  of  variation 
for  these  machines  is  less  than  1.0%  for  all  bone  sites 
(http :  www  hologic  com  prod-bdpdf  spec-4500.pdf).  Ma¬ 
chines  were  cross-calibrated  using  a  circulating  Hologic 
anthropomorphic  spine  phantom.  Each  site  maintained  a 

httpc//A*w.acvn  -rre8e.org 


TARE  1.  Mean  *  1  SEM  for  sabctad  physical  ani  reproductive  •^laraclerislics.  and  training  variaNes,  by  menstrual  group. 


Characteristic 

Eumenorrheic 

(H  =  58 1 

Menstrual  Group 

Oligo'  Amenorrheic  * 

(0  =  33) 

Age  lyr'i 

217  ±0.3 

21.8:0.5 

Weight  (1b) 

129.1 1 1.9 

128.1  *2.7 

Harjht  inchest 

65.1  ±  0.3 

&.4  ±  0.5 

BMI  Itaor1) 

21.5  ±0.2 

21.1  :0.3 

Body  (at  (T4) 

23.9  ±  0.6 

22.7  ±1.0 

Manses  in  past  year  (m  cv:(esi 

11.5  ±0.1 

5.0  :  0.5t 

Manarcba  (age  in  yri 

12.6  ±0.2 

13.8  ±  0.21 

Total  IHrtime  menstrual  periods  ino.  cycles! 

89.5  ±  4.4 

49.5  ±  4.01 

Started  rurring  *>je  in  yrl 

14.5  ±  0.5 

14.7  ±  0.7 

Amount  of  running  (mles-wA;  '  in  past  12  monthsi 

33.0  ±1.2 

30.0  :  2.2$ 

*  Cliga’arnenxrbaa  was  defined  as  0  -0  menses  ovar  the  (zest  12  months, 
t  P  <  0.0031.  Wibcocon  signed  rank  test. 
tP  <  0*3031.  Mast. 

§P  <  005.  Mast 


standard  quality  assuiance  program.  All  women  were  asked 
to  refrain  from  heavy  physical  activity  24  h  before  screening 
to  minimize  the  effect  of  fluctuations  in  hydration  status  on 
body  composition  measurements. 

Statistical  analyses.  Statistical  analyses  were  per¬ 
formed  using  the  SAS  statistical  package,  version  6.12  (SAS 
Institute.  Cary,  NC).  Means  were  compared  between  groups 
using  /-tests  for  normally  distributed  variables  and  the  Wil- 
coxon  signed  rank  test  for  nonnormally  distributed  vari¬ 
ables.  Tukev’s  multiple  comparisons  test  was  used  to  com¬ 
pare  mean  BMD  across  moie  than  two  groups.  ANCOVA 
was  used  to  control  for  age.  weight,  and  body  composition 

The  relationships  between  ohgo  amenonhea  and  training, 
diet,  and  physical  characteristics  were  assessed  by  multiple 
logistic  regression.  Multiple  linear  regression  was  used  to 
examine  the  effects  of  menstrual  group  and  EDI  score  on 
BMD  when  considering  EDI  score  as  a  continuous  variable. 

RESULTS 

Thirty-six  percent  of  the  study  sample  met  criteria  for 
abnoimal  menses:  26%  were  oligomenorrheic  and  10% 
were  amenorrheic  during  the  past  year.  Oligo  amenorrheic 


women  were  similar  to  eumenorrheic  women  in  age.  weight, 
height,  and  body  composition  (Table  1).  The  oligo  amenor¬ 
rheic  women  had  menarche  a  mean  of  1 .2  yr  later  and  had 
had  an  average  of  45%  fewer  menstrual  periods  in  their 
lifetime  than  eumenonheic  women.  They  also  ran  an  aver¬ 
age  of  18%  more  miles  per  week  than  eumenorrheic  women. 

Disord  ©rod  eating  and  menstrual  irregularity.  The 
women  were  divided  into  two  groups  (noimal  EDI  ele¬ 
vated  EDI)  by  their  total  scores  on  three  subscales  of  the 
EDI.  Women  m  the  highest  quartile  of  total  EDI  were 
classified  as  having  elevated  EDI  scores  compared  with 
women  m  the  lowest  three  quartiles.  Women  m  the  ele¬ 
vated  EDI  group  had  EDI  values  comparable  to  those 
previously  published  for  patients  with  anorexia  nervosa 
(12)  on  the  drive  for  thinness  and  body  dissatisfaction 
subscales  (Table  2).  Athletes  with  elevated  EDI  scores 
reported  19%  lower  daily  caloric  intakes  compared  with 
women  with  normal  EDI  scores  (Table  2)  and  reported 
that  they  obtained  25%  fewer  of  those  calories  fr  om  fat. 
The  groups  were  similar  in  consumption  of  other  nutri¬ 
ents.  Although  the  elevated  EDI  group  had  a  somewhat 
lower  daily  calcium  intake,  this  was  proportional  to  their 
lower  energy  intake.  Both  groups,  on  average,  consumed 


TARE  2.  Mean  ±  1  SEM  for  sebcted  dirt  ar>j  nutrition  characteristics  by  eating  disorder  inventory  (EDO  group  and  for  oompariKn,  a  previously  putlished  ancrecti:  group. 

EDI  Group  iThn  Study! 

Normal  EDI  Elevated  EDI*  Anorectics 

Characteristic_ tff  =  67) (#=  23) (Previously  Publahedlf  [H  =  155) 


Drive  fcr  thinness  subscale  <0-21) 

1.6  ±0.3 

16.3  ±0.81 

13i±05 

Eolrria  subscab  (0-21) 

0.8  ±  0.2 

3.2  ±  0.71 

8.1  ±  0.5 

Body  dissatisfaction  subscab  |B— 2/1 

Total  (0-691 

3.6  ±  0.5 

6.0  ±  0.8 

16.0  ±1.21 

35.6  ±  1.81 

155  ±  0.6 
37.4  ±  0.9 

Daif/  mined  inlake 

Calvin  IkulO  ’) 

2346  ±  112 

1904  ±  1465 

Fat  (%  ot  total  calorbs) 

10.7  :  0.0 

14.0  ±  1.01 

Probin  (%  of  total  calories) 

16.4  :  03 

16.0  -  0.8 

Cabum  imgi 

1467  r  $ 

1300  ±  147 

Fiber  (g) 

30.8  :  25 

26.4  :  2.2 

'.Hanin  C  (mg) 

201  :  23 

247  :  23 

Iren  irrwl 

23.6  -  23 

20.0:1.9 

*  EDI  sosre  is  the  total  soxe  freon  three  subscabs  of  the  Erting  Disorder  Inventory  IEDI).  Garner  art  Olmstead  (12).  Etavafed  sox es  are  defined  as  lha  highest  quarlib  <^23X  Cna 
subject  is  missing  EDI  scores;  Iherefcre,  she  was  removed  from  all  analyses  nvi-bhg  EDI. 
t  Average  scores  for  arerexia  nervosa  patents  as  published  by  Garner  and  Olmstead  M2). 

1  Elevated  EDI  greup  vs  normal  EDI  group,  P  <:  0.0001,  Wicoxon  stoned  rank  tost. 

4  Elevated  EDI  group  vs  normal  EDI  group,  P  <  0.05,  Most. 

I  Elevated  EDI  greup  vs  normal  EDI  group,  P  <  0.01,  r-tost. 
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TABLE  3.  Mean  ±  1  SEM  for  selected  diet  and  nutrition  characteristics  by 
nenstrual  group. 

Menstrual  Group 


Eumenorrheic  Oliga  Amenorrheic 
Characteristic_ I N  -  58 1 (N  =  331 


EDI  scores* 

Drive  for  thinress  subscale  (0-21) 

33  ±  0.7 

9.3  ±  1.4f 

Bulimia  subscale  (0-21) 

0.8  ±  0.2 

2.3  ±  0.5* 

Body  dissatisfacton  subscale  (0- 

5.4  ±  0.8 

9.3  ±  1.54 

27) 

total  (0-69) 

9.6  ±  1.5 

20.9  ±  3.04 

Daily  nutrient  intake 

Cabries  (kcaJd-1) 

2241  ±  121 

2219  ±  147 

Fat  (%  of  total  calories) 

16.7  ±  0.9 

15.3  ±  1.0§ 

Protein  (%  of  tctal  calcc  ies’i 

163  ±  0.4 

16.3  ±  0.5 

Cafcium  (mg) 

1418  ±  106 

1437  ±  123 

Fiber  (gi 

28.1  ±  2.2 

32.0  ±  3.7 

Vitamin  C  (mg) 

283  ±23 

274  ±  28 

Iron  (mg) 

22.2  ±  2.6 

23.6  ±  2.1 

'  EDI  score  is  the  total  score  from  three  subscales  of  the  Eating  Disorder  Inventory 
EDI),  Garner  and  Olmstead  (12). 

\  Oliga'amenorrheic  vs  eumenorrheic.  P<  0.006,  Wilooxon  signed  rank  test, 
t  Oligo/amenorrheic  vs  eumenorrheic.  P<  0.05,  Wilooxon  signed  rank  test. 

)  Eumenorrheic  vs  oligotamenorrheic,  P  <  0.05,  Mest. 

neater  than  1200  mg  of  calcium  per  day.  which  is  the 
LJ.S.  recommended  daily  allowance  for  this  age  group. 

Of  23  women  with  elevated  EDI  scores,  65%  had  oligo/ 
unenorrhea,  whereas  only  25%  of  67  women  with  normal 
EDI  scores  did.  Though  each  of  the  three  EDI  subscales 
•cores  was  higher  in  the  oligo  amenorrheic  group,  the  drive 
for  thinness  EDI  subscale  had  the  strongest  association  with 
Dligo  amenorrhea  (Table  3).  Oligo  amenorrheic  athletes  and 
eumenorrheic  athletes  were  similar  in  daily  nutrient  profiles, 
hough  oligo  amenorrheic  athletes  reported  a  lower  percent- 
ige  of  their  calories  fr  om  fat  (Table  3). 

Table  4  shows  odds  ratios  for  several  factors  associated  with 
aligo  amenorrhea .  Being  in  the  top  quaitile  of  EDI  score  con¬ 
ferred  fourfold-increased  odds  of  oligo  amenorrhea.  Every'  1-yr 
ncrease  m  age  at  menarche  was  associated  with  a  more  than 
wofold  increase  in  the  odds  of  oligo  amenorrhea.  Odds  of 
riigo.  amenorrhea  were  also  increased  with  greater  miles  run 
)er  week  and  were  decreased  with  a  higher  percent  body'  fat 
md  with  a  higher  percent  fat  intake,  but  the  confidence  inter¬ 
nals  for  these  associations  included  one.  Total  energy'  intake 
,vas  not  associated  with  menstrual  disturbances 

EDI  score  and  percent  fat  intake  were  modestly  nega- 
ively  correlated  (Spearman  rank  correlation  coefficient:  r  = 
—0.34)  and  reduced  fat  intake  may  lie  in  the  causal  pathway 
retween  elevated  EDI  and  oligo/ amenorrhea.  If  dietary  fat  is 
removed  from  the  logistic  regression  model,  the  OR  for 
ilevated  EDI  score  increases  from  4.6  to  6.7  (1.8,  25.6), 
suggesting  that  low  fat  intake  accounts  for  some  of  the 
issociation  between  elevated  EDI  and  menstrual  irregular- 


TABLE  4.  Odds  ratios  (and  66%  conliderce  intervals)  for  the  association  between 
elected  characteristics  and  oligomenorrhea-amenenorrhea.* 


Characteristic 

Odds  Ratios  (65%  Cl) 

Elevated  EDI  score  (^23  vs  *-23) 

4.56(1.12,1861) 

Menarche  Teach  1  vr  later  i 

2.45(1.46  4.11) 

Miles  per  week  (every  10  miles) 

1.64  (0.96  2.79) 

Dietary  fat  (every  5%  ot  total  calories) 

0.61  (0.36  1.03) 

Body  fat  (every  5%) 

0.56  (0.30  1.07) 

’  Adjusted  for  age  and  each  of  the  other  variables  in  the  table  by  multiple  logistic 
egression. 
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TABLE  5.  Observed  are!  adjusted*  spine,  hip,  and  whole  body  bone  mineral  density 
(BMD,  g-cnr2  ±  1  SEM),  by  menstrual  group. 


Menstrual  Group 

Eumenorrheic 

Oligo/Amenorrheicf 

{N  =  58) 

1#  =  33) 

Spine  BMD 

Observed 

1.01  ±  0.013 

0.94  ±  0.018* 

Adjusted* 

Total  hip  BMD 

1.00  ±  0.013 

0.95  ±  0.01 9§ 

Observed 

1.00  ±0.015 

0.95  ±  0.020§ 

Adjusted* 

Whole  body  BMD 

1.00  ±  0.014 

0.94  ±  0.G20§ 

Observed 

1.12  ±  0.011 

1.08  ±  0.01 5§ 

Adjusted* 

1.11  ±0.010 

1.08  ±0.015 

*  Adjusted  for  age,  body  weight,  percent  body  fat.  EDI  score,  and  age  at  menarche  by 
analysis  of  oovariance. 

t  Oligo/amenorrhea  was  defined  as  0-9  menses  over  the  past  12  months. 

*  Eumenorrheic  vs  oliga/amenorrheic.  P  <  0.005,  Mest. 

§  Eumenorrheic  vs  oligo/amenorrheic,  P  <  0.05,  Mest. 

lty.  EDI  score  was  not  correlated  with  miles  run  per  week 
(Spearman  rank  correlation  coefficient:  r  =  0.01).  so  in¬ 
creased  training,  though  related  to  oligo  amenorrhea,  does 
not  mediate  the  relationship  between  elevated  EDI  scores 
and  oligo  amenorrhea. 

Menstrual  irregularity  and  BMD.  BMD  was  5%,  6%, 

and  3%  lower  at  the  lumbar  spine,  total  hip.  and  whole  body, 
respectively,  in  oligo  amenorrheic  women  compared  with  eu- 
menonheie  women,  after  adjustment  for  weight,  percent  body 
fat.  EDI  score,  and  age  at  menarche  (Table  5).  Adjusted  and 
unadjusted  BMD  values  were  similar  (Table  5):  thus,  although 
weight  was  strongly  correlated  with  BMD  at  all  skeletal  sites 
(the  Pearson  con  elation  coefficients  were  whole  bodyr:  r  = 
0.43;  hip  r  =  0.40;  and  spine:  r  =  0.38),  lower  weight  did  not 
account  for  the  association  between  menstrual  irregularity’  and 
low  BMD  in  this  study  population. 

Disordered  eating  and  BMD.  There  were  no  differ¬ 
ences  in  BMD  between  women  with  elevated  EDI  scores 
and  women  with  normal  EDI  scores  before  adjusting  for 
body  size.  However,  women  with  elevated  EDI  scores  were 
heavier  (138.5  ±  3.2  lb)  and  had  a  higher  percent  body  fat 
(25.7  ±  1.1%)  than  those  with  normal  EDI  scores  (125.8  ± 
1.7  lb:  22.8  ±  0.6%).  Based  on  multiple  linear  regression, 
we  would  expect  the  women  with  elevated  EDI  to  have 
0.038  |  cm—  greater  BMD  at  the  spine  and  hip  and  0.028 
g  cm~“  greater  BMD  at  the  whole  body  due  to  their  higher 
weight  (correcting  for  their  higher  percent  body  fat).  Once 
we  adjusted  for  body  weight  and  composition,  women  with 
elevated  EDI  scores  had  significantly  lower  BMD  compared 
with  women  with  normal  EDI  scores  at  the  spine  (—6%), 
with  trends  at  the  hip  (—3%)  and  whole  body  (—4%). 

Menstrual  status  modified  the  effect  of  EDI  score  on 
adjusted  BMD  (Table  6).  .Among  eumenorrheic  women, 
those  with  elevated  EDI  scores  had  significantly  lower  spine 
BMD  and  nonsignificant  trends  for  lower  hip  and  whole 
body  BMD  compared  with  women  with  normal  EDI  scores 
(Table  6).  These  differences  were  not  attributable  to  past 
menstrual  history,  which  was  similar  in  the  two  groups. 
Among  oligo  amenorrheic  women,  however,  there  were  no 
trends  for  lower  BMD  among  women  with  elevated  EDI 
compared  with  women  with  normal  EDI. 
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TABLE  6.  Observed  and  adjusted*  spine,  hip,  and  whole  body  bone  mineral  density  (g-cnr2  ±  1  SEM)  by  combined  menstrual  and  eating  disorder  inventory  (EDI)  grcups. 


Group 

1 

2 

3 

4 

EDI  score  groupf 

Normal 

Normal 

Elevated 

Elevated 

Menstruation 

Eumenorrhea 

Oliga-'amenorrhea$ 

Eumenorrhea 

Oligo-'amenorrhea 

■V 

50 

17 

6 

15 

Mean  weight  (lb  ±  SE) 

126.3  ±  1.8 

123.5  ±  4.3 

146.4  ±  5.7 

133.4  ±  3.2 

Spine  BMD  (g-cnr2  ±  SE) 

Observed 

1.02  ±0.015 

0.90  ±  0  CG4§ 

0.97  ±  0.027 

0.97  ±  0.025 

Adjusted* 

1.02  ±0.014 

0.93  ±  0.024§ 

0.91  ±0.0361 

0.96  ±  0.025** 

Tofal  hip  BMD  (g-cm-2  ±  SE) 

Observed 

1.00  ±0.016 

0.91  ±  O.OG8 

1.00  ±0.023 

0.98  ±  0.032 

Adjusted* 

1.01  ±0.015 

0.93  ±  0.0871 

0.96  ±  0.040 

0.96  ±  0.027 

Whole-body  BMD  (g-cnr2  ±  SE) 

Observed 

1.12  ±0.013 

1.07  ±0.018 

1.12  ±0.029 

1.09  ±0.016 

Adjusted* 

1.13  ±0.010 

1.06  ±  0.019 

1.07  ±  0.028 

1.08  ±  0.020 

*  Adjusted  for  body  weight,  percent  body  fat  age.  and  age  at  menarche  by  analysis  of  covariance 

t  EDI  score  is  the  total  score  from  three  subscales  of  the  Eating  Disorder  Inventory  (EDI),  Garner  and  Olmstead  (12).  Elevated  scores  are  defined  as  the  highest  quartile 
(»23).  One  subject  is  missing  EDI  score;  therefore,  she  was  removed  from  all  analyses  involving  EDI. 

$  Oligo/amenorrhea  was  defined  as  0-9  menses  over  the  past  12  months. 

6  Group  1  vs  group  2.  P  <  0.005,  Tu key's  test  for  comparing  multiple  group  means. 

I  Group  1  vs  group  2;  group  1  vs  group  3,  P  <  0.05,  Tukey's. 

**  Group  1  vs  group  4,  P  <  0.10,  Tukey's. 


Multiple  linear  regression  analysis  confirmed  the  significant 
interactions  between  menstrual  irregularity'  and  total  EDI  score 
(0-69)  on  BMD  at  all  skeletal  sites  (Fig.  1).  Among  eumen- 
onheic  runners.  EDI  score  is  inversely  related  to  BMD.  How¬ 
ever.  among  oligo  amenonheic  women.  BMD  is  not  related  to 
EDI  score.  Similarly,  among  women  with  low  EDI  scores, 
oligo  amenonheic  women  had  lower  BMD  than  eumenorrheic 
women,  but.  among  women  with  high  EDI  scores,  menstrual 
irregularity  was  not  related  to  BMD. 

DISCUSSION 

This  study  confirms  the  existence  and  significance  of  the 
"female  athlete  triad."  a  syndrome  composed  of  three  inter¬ 
related  conditions:  disordered  eating,  menstrual  irregularity, 
and  osteopenia  osteoporosis  (33).  (i)  We  confirm  that  dis¬ 
ordered  eating  in  female  runners  is  correlated  with  oligo1 
amenorrhea:  (ii)  we  demonstrate  that  the  association  be¬ 


tween  oligo,  amenorrhea  and  low  BMD  in  female  runners  is 
independent  of  body  weight  and  body  composition:  and  (iii) 
we  provide  novel  evidence  that  disordered  eating  is  associ¬ 
ated  with  low  BMD  in  eumenorrheic  women  runners. 

The  women  in  our  study  who  were  in  the  highest  quartile 
of  total  EDI  score  had  similar  values  on  two  EDI  subscales 
to  patients  with  diagnosed  anorexia  nervosa  (12);  they  also 
had  similar  or  slightly  higher  EDI  scores  than  women  ath¬ 
letes  with  established  subclinical  eating  disorders 
(2,11,13,35).  The  EDI  measures  only  attitudes  about  food 
and  body  size.  However,  we  verified  that  elevated  scores 
on  the  EDI  translated  to  actual  eating  practices:  women 
with  elevated  EDI  scores  reported  lower  total  energy 
intakes  (by  approximately  19%  d-1)  and  lower  percent 
fat  intakes  (by  approximately  25%  d-1)  than  women  with 
normal  EDI  scores.  None  of  the  91  women  in  our  study 
indicated  that  she  was  dieting  to  lose  weight  (data  not 
shown),  suggesting  that  this  observed  dietary  restriction 


Lumbar  spine  BMD 


Total  hip  BMD 


Whole  body  BMD 


FIGURE  1 — Mean  BMD  (gxm":)  at  the  spine,  hip.  and  whole  body  by  menstrual  status  and  varying  levels  of  total  EDI  score  (from  multiple  linear 
regression).  The  means  are  based  on  the  following  multiple  linear  regression  results  (adjusted  for  age.  weight,  and  percent  body  fat).  Regression 
coefficients  (standard  error) — menstrual  status  —0.12  (0.33),  EDI  score  (0-69)  —0.004  (0.001),  interaction:  menstrual  status  x  EDI  score  +0.0043 
(0.002);  menstrual  status  —0.089  (0.036).  EDI  score  (0-69)  —0.002  (0.001),  interaction:  menstrual  status  x  EDI  score  +0.002  (0.002);  menstrual 
status  —0.060  (0.02?),  EDI  score  (0-69)  —0.002  (0.001),  interaction:  menstrual  status  x  EDI  score  +0.002  (0.001).  (Menstrual  status  equals  1  if  the 
woman  is  oligo  amenorrheic  and  0  if  the  woman  is  eumenorrheic.) 
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represents  long-term,  chronic  restriction,  rather  than  tem¬ 
porary  attempts  to  lose  weight. 

Women  with  elevated  EDI  scores  had  a  fourfold  increase  in 
risk  for  oligo  amenonhea.  when  controlling  for  other  factors 
Chronic  energy  deficit  has  previously  been  implicated  in  the 
etiology  of  athletic  amenonhea  (2,7,8,19,25,26,31,34,44.46. 
49,50).  Menstruation  requues  a  small  amount  of  energy,  and 
halting  menstruation  may  be  an  adaptive  energy-conservation 
mechanism.  In  our  study,  the  caloric  restriction  of  the  elevated 
EDI  group  did  not  appear  to  explain  then  excess  oligo  amen¬ 
orrhea  Rather,  our  data  suggest  that  the  development  of  oligo 
amenorrhea  in  these  women  may  have  been  mediated  in  part 
by  a  reduction  of  dietary  fat  intake  Though  dietary*  fat.  inde¬ 
pendent  of  total  energy  intake,  has  previously  been  shown  to 
influence  the  menstrual  cycle  in  nonathletic  women  (15,27), 
this  association  has  not  previously  been  demonstrated  in  fe¬ 
male  athletes  and  needs  verification  in  further  studies.  We 
speculate  that  women  with  disordered  eating  may*  have  more 
aberrant  patterns  of  eating,  such  as  binging  and  fasting  cycles; 
although  total  energy  intake  may  not  be  altered,  these  patterns 
have  potential  to  alter  metabolic  pathways,  honnone  levels, 
and.  ultimately,  menstruation  (3,5,14). 

We  found  that  oligo  amenonheic  runners  ran  more  miles 
per  week  than  eumenorrheic  runners.  Therefore,  although 
energy*  intake  was  not  associated  with  menstrual  irregular¬ 
ity.  oligo.  amenonheic  lunneas  may  have  had  greater  energy- 
imbalance  due  to  a  higher  energy  expenditure  Energy  im¬ 
balance  may  cause  hypothalamic  dysfunction,  which  dis¬ 
rupts  both  menses  and  bone  remodeling  (50). 

We  confiim  previous  research  that  shows  drat  delayed  men- 
arche  is  a  stiong  piedictoi  of  later  menstrual  irregularity 
(6.9.2934).  Delayed  menarche  was  correlated  with  menstrual 
irregularity  in  both  women  who  initiated  tiainmg  before  men¬ 
arche  (.V  =  22)  and  women  who  started  traimng  after  menarche 
(jV  =  69);  thus,  prior  traimng  does  not  explain  the  delay*  in 
menarche  m  the  oligo  amenonheic  runners  This  finding  sug¬ 
gests  that  some  women  may*  be  predisposed  to  menstrual 
irregularity,  which  may  account  for  the  existence  of  a  subset  of 
women  with  low  total  EDI  scores  (6.8  ±  1.8)  and  putatively 
sufficient  caloric  intake  (2443  ±  210)  who  still  lost  their 
periods  Alternatively,  disordered  eating  patterns  may*  have 
developed  premenatthe  and  pretraimng  in  certain  women 
which  contributed  to  a  delay  m  the  onset  of  menarche  and  has 
subsequently  continued  to  disrupt  the  menses  Our  data  were 
insufficient  to  evaluate  this  hypothesis. 

We  confirm  numerous  reports  of  reduced  BMD  in  oligo 
amenonheic  female  athletes,  with  the  largest  and  most  consis¬ 
tent  effects  having  been  demonstrated  at  the  lumbar  spme.  The 
BMD  differences  between  oligo  amenonheic  and  eumenor- 
rheic  women  that  we  observed  were  not  attributable  to  differ¬ 
ences  m  body  weight,  body  composition,  or  EDI  score  The 
magnitude  of  the  difference  was  important:  6%  of  die  oligo 
amenonheic  young  women  had  spine  BMD  values  that  would 
be  considered  osteoporotic,  that  is,  a  BMD  value  less  than  2.5 
SD  below'  young  adult  BMD  (17)  (<0.772  g  cm“2  as  mea¬ 
sured  with  the  Hologic  densitometer).  Forty-eight  percent  were 
osteopenic  at  the  spine,  a  BMD  between  —1  SD  and  —2.5  SD 
below  the  young  adult  value  (0.772-0.937  g  em-2).  In  con- 
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trast.  none  of  the  eumencnheic  athletes  were  classified  as  being 
osteoporotic  and  only  26°  ©  were  classified  as  being  osteopenic 
based  on  spine  BMD  values. 

Women  with  elevated  EDI  scores  had  low  BMD  for  then 
weight  We  attempted  to  determine  whether  low  BMD 
among  women  with  elevated  EDI  scores  W'as  due  to  oligo 
amenonhea  or  wdiether  the  disordered  eating  had  an  inde¬ 
pendent  effect  on  bone  Eight  women  with  high  EDI  scores 
were  currently  eumenonheic  and  had  no  history  of  amen¬ 
onhea  or  delayed  menarche.  BMD  was  significantly  lower 
at  the  spine  and  was  lower  at  the  hip  and  whole  body  in  this 
subgroup  compared  to  eumenonheic  women  with  normal 
EDI.  after  adjusting  for  weight,  body  composition,  age.  and 
age  at  menarche  Eumenonheic  women  with  elevated  EDI 
were  heavier  and  had  more  body  fat  than  all  other  sub¬ 
groups:  they  also  started  running  at  a  later  age  (18.3  ±1.3 
yr).  Possibly,  this  group  was  resistant  to  loss  of  menses 
despite  their  abenant  eating  because  their  menstrual  cycles 
were  established  before  they  started  running  and  or  because 
they*  were  not  as  thin  (41).  It  is  also  possible  that  these 
women  have  subclinical  menstrual  abnormalities,  such  as 
anovulatory  cycles  and  shortened  luteal  phase,  which  have 
been  associated  with  spinal  bone  density  losses  (36). 

In  our  study  population,  having  both  disordered  eating  and 
oligo  amenonhea  was  no  more  detrimental  far  bone  than  hav¬ 
ing  either  disorder  alone.  The  numbers  in  some  of  our  groups 
were  small.  however,  and  this  observation  should  be  verified  in 
further  studies  That  there  was  no  excess  nsk  suggests  that  the 
two  disorders  share  causal  pathways.  Both  oligo  amenonhea 
and  disordered  eating  have  been  associated  with  low  serum 
estrogen  concentrations  (25.49,50),  which  would  be  expected 
to  have  an  adverse  effect  on  BMD.  Accordingly,  disordered 
eating  may  result  m  estrogen  deficiency  or  other  sex  honnone 
changes,  which  then  may  lead  bom  to  bone  loss  and  menstrual 
irregularity.  Menstrual  irregularity  and  disordered  eating  may 
also  contribute  to  bone  loss,  or  lack  of  bone  formation,  through 
metabolic  changes  (49). 

Figure  2  summarizes  risk  factors  for  low  BMD  and  men¬ 
strual  irregularity,  as  well  as  possible  pathways  connecting 
elements  of  the  female  athlete  triad  Disordered  eating  may 
decrease  menstruation  and  BMD  through  estrogen  defi¬ 
ciency*  and  through  alterations  of  other  metabolic  pathways 
(43).  Low  weight  is  an  established  independent  risk  factor 
for  low*  BMD;  in  this  study  population,  women  weighing 
less  than  115  lb  had  fivefold-increased  odds  of  being  os¬ 
teopenic  at  any  skeletal  site  (OR  [95%  Cl]:  5.3  [1.6-17.0]). 
Some  previous  studies  also  found  an  association  between 
low  w’eight  and  oligo.  amenonhea  (26,6,32.45).  though  this 
study  did  not.  Menstrual  irregularity  may  be  related  to  low 
BMD  through  mechanisms  other  than  reduced  estrogen 
(36,49).  Training  factors  and  delayped  menarche  have  direct 
influences  on  the  menstrual  cycle  and  on  BMD 

It  is  difficult  to  explain  why  the  athletes  with  elevated  EDI 
scores  w  ere  heavier  than  the  women  with  low*  EDI  scores  even 
though  they*  reported  lower  energy  and  fat  intakes  We  would 
expect  women  with  subcluncal  eating  disorders  to  have  lower 
weight  and  body  fat.  but  this  w'as  not  the  case  in  our  study 
Possibly,  heavier  women  are  more  prone  to  eating  disorders 
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FIGURE  2— Proposed  pathway',  amon? 
disordered  eating,  menstrual  irregularity, 
and  low  BMD.  5>olid  tines  represent  asso¬ 
ciations  suggested  by  the  current  study: 
dashed  Imes  represent  associations  sug¬ 
gested  by  previous  studies. 


because  they'  are  more  dissatisfied  with  then  natural  body  type 
Some  of  these  athletes  with  higher  EDI  scores  may  have  had 
bulimic  behaviors  that  could  haxe  explained  the  higher 
weights.  Alternatively,  the  EDI  scale  may  identify-  women  in 
the  early  stages  of  an  eating  disorder  but  may  miss  women  in 
the  later  stages,  when  they  have  already  lost  weight.  We  spec¬ 
ulate  that  some  of  the  women  in  the  thinnest  subgroup,  the 
oligo  amenonheic  women  with  low  EDI  scores,  may  have  had 
eating  disorders  but  may  be  in  denial  and  or  may  currently  be 
satisfied  with  their  bodies  because  they  have  succeeded  in 
reaching  a  low  weight.  W e  further  recognize  that  die  division 
of  the  population  mto  normal  EDI  elevated  EDI  is  simplistic 
There  is  a  continuum  of  disordered  eating  behavior,  but  we 
have  artificially'  imposed  a  division  on  that  continuum  How¬ 
ever.  multiple  linear  regression  analysis,  in  which  we  treat  EDI 
as  a  continuous  variable,  confirms  our  categoncal  data  results. 

Our  results  are  limited  by  the  fact  that  menstrual  status, 
training  history,  and  diet  were  assessed  by'  subject  recall.  We 
recognize  drat  recall  menstrual  histones  cannot  be  as  accurate 
as  those  obtained  by  prospective  record  keeping.  However,  we 
believe  that  these  menstrual  histories  were  reasonably  accurate, 
as  the  subjects  were  young,  had  short  histories  to  recall,  and.  as 
competitive  athletes,  tend  to  be  aware  of  their  overall  health. 
Manv  competitive  runners  keep  detailed  logs  of  their  training 
and  then  miles  run  per  week,  which  may  have  helped  to 
minimize  recall  errors  on  the  training  section  of  our  question¬ 
naire.  Finally,  we  recognize  the  limitations  of  food  frequency 
questionnaire:  but  note  that  the  questionnaire  that  was  em¬ 
ployed  was  specifically  modified  to  accommodate  the  special 
diets  of  college-aged  female  athletes.  Prospective  studies  are 
needed  confirm  and  further  explore  our  findings. 

Additionally,  we  may  have  missed  women  with  sub- 
clinical  menstrual  abnormalities,  such  as  anovulatory  cy¬ 
cles  and  shortened  luteal  phase,  because  we  assessed 
menstrual  irregularity  by  questionnaire  rather  than  labo¬ 
ratory  testing.  Measurement  of  serum  hoimone  levels 
would  have  provided  additional  information  about  the 


role  of  sex  hormones.  Accurate  measurements  of  energy- 
expenditure  using  doubly  labeled  water-  would  have 
helped  us  to  assess  the  role  of  energy  balance  m  men¬ 
strual  irregularity  and  low  BMD.  However,  such  mea¬ 
surements  wer  e  outside  of  the  scope  and  resources  of  the 
present  study. 

A  further  limitation  of  our  findings  is  that  eating  attitudes 
and  body  image  perception  may  influence  the  reporting  of 
food  intake  (8).  We  cannot  rule  out  the  possibility  that 
women  with  aberrant  attitudes  about  body  and  food  system¬ 
atically  underreport  intake  As  they  are  hyper conscious 
about  then  food  intake,  they  may  report  what  they  think  they 
should  be  eating  rather  than  what  they  actually  eat  Food 
frequency  questionnaues.  despite  other  limitations,  may- 
help  minimize  this  tendency',  as  the  total  amounts  of  daily- 
food.  calones.  and  fat  being  reported  are  not  readily  quan¬ 
tifiable  to  the  athlete 

In  conclusion,  we  provide  evidence  that  confirms  the  female 
athlete  triad.  We  also  conclude  drat  the  female  athlete  triad  may¬ 
be  more  hidden  than  previously  realized  The  women  in  this 
study'  were  not  excessively  lean:  indeed,  amenonheic  women 
averaged  more  than  22%  body  fat  and  women  with  elevated 
EDI  scores  averaged  more  than  25%  body  fat  Thus,  those  with 
the  triad  may-  not  be  readily  discernible  to  a  coach  or  a  physi¬ 
cian.  However,  both  amenorrhea  and  disordered  eating  signif¬ 
icantly  affect  bone,  even  in  the  absence  of  the  other.  Because 
there  is  a  high  prevalence  of  osteopenia  in  this  population  that 
may  hare  serious  life-long  consequences,  we  recommend  that 
all  competitrre  women  endurance  athletes,  particularly  those  in 
sanctioned  collegiate  programs,  receive  screening  for  eating 
disorders  and  menstrual  irregularity  and  education  about  the 
female  athlete  triad 
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Running  title:  Oral  contraceptives  and  bone  health 


Purpose:  To  determine  the  effect  of  oral  contraceptives  (OCs)  on  bone  mass  and  stress 
fracture  incidence  in  young  female  distance  runners.  Methods:  150  competitive  female 
runners  aged  18-26  years  were  randomly  assigned  to  OCs  (30  pg  ethinyl  estradiol  and  0.3 
mg  norgestrel)  or  control  (no  intervention)  for  two  years.  Bone  mineral  density  (BMD)  and 
content  (BMC)  were  measured  yearly  by  dual  x-ray  absorptiometry.  Stress  fractures  were 
confirmed  by  x-ray,  magnetic  resonance  imaging,  or  bone  scan.  Results:  Randomization  to 
OCs  was  unrelated  to  changes  in  BMD  or  BMC  in  oligo/amenorrheic  (n=50)  or 
eumenorrheic  runners  (n=100).  However,  treatment-received  analyses  (which  considered 
actual  OC  use)  showed  that  oligo/amenorrheic  runners  who  used  OCs  gained  about  1%  per 
year  in  spine  BMD  (p<.005)  and  whole  body  BMC  (p<.005),  an  amount  similar  to  those 
who  regained  periods  spontaneously  and  significantly  greater  than  those  who  remained 
oligo/amenorrheic  (p<.05).  Dietary  calcium  intake  and  weight  gain  independently  predicted 
bone  mass  gains  in  oligo/amenorrheic  runners.  Randomization  to  OCs  was  not  significantly 
related  to  stress  fracture  incidence,  but  the  direction  of  the  effect  was  protective  in  both 
menstrual  groups  (hazard  ratio  [95%  Cl]:  0.57  [0.18,  1.83])  and  the  effect  became  stronger 
in  treatment-received  analyses.  The  trial’s  statistical  power  was  reduced  by  higher-than- 
anticipated  non-compliance.  Conclusion:  OCs  may  reduce  the  risk  for  stress  fractures  in 
female  runners,  but  our  data  are  inconclusive.  Oligo/amenorrheic  athletes  with  low  bone 
mass  should  be  advised  to  increase  dietary  calcium  and  take  steps  to  resume  normal  menses, 
including  weight  gain;  they  may  benefit  from  OCs,  but  the  evidence  is  inconclusive.  Key 
words:  randomized  trial;  amenorrhea;  female  athlete  triad;  bone  density;  calcium 


Introduction 


Paragraph  1.  Female  athletes  with  amenorrhea  or  oligomenorrhea  have  reduced 
bone  mineral  density  (BMD)  for  their  age  (4,5,9,24,30).  Physicians  have  conventionally 
treated  amenorrheic  athletes  with  hormone  therapy  or  oral  contraceptives  (OCs)  (12),  but 
these  treatments  are  controversial  (17).  Athletic  amenorrhea  is  strongly  related  to  disordered 
eating  and  caloric  restriction  (5,7,  28),  and  exogenous  estrogens  may  be  ineffective  at 
improving  BMD  in  the  absence  of  improved  nutrition  and  weight  gain  (7,9,30).  Indeed,  in 
non-athletic  women  with  clinically  apparent  anorexia  nervosa,  randomized  trials  have  found 
no  effect  for  hormone  therapy  or  OCs  on  bone  (for  a  review  of  these  trials,  see  reference  19). 
In  amenorrheic  athletes,  one  longitudinal  study  found  modest  skeletal  benefits  for  honnone 
therapy  (6),  but  two  small  randomized  trials  found  no  benefit  (1 1,24).  Longitudinal  studies 
have  also  found  small  to  modest  skeletal  benefits  for  OCs  (4,22,25)  and  one  randomized 
trial  found  that  OC  use  reduced  bone  turnover  in  amenorrheic  athletes,  but  no  randomized 
trials  have  evaluated  the  impact  of  OCs  on  BMD  in  this  population. 

Paragraph  2.  The  effect  of  OCs  on  the  BMD  of  eumenorrheic  athletes  is  also 
unknown.  Some  eumenorrheic  athletes  have  subclinical  menstrual  irregularities  (e.g., 
anovulatory  cycles)  that  are  associated  with  an  increased  risk  of  bone  loss  (21),  and, 
hypothetically,  OCs  might  benefit  this  subgroup.  Alternatively,  eumenorrheic  athletes  may 
be  similar  to  non-athletic  premenopausal  women,  for  whom  OCs  have  little  effect  on  bone 
(19).  Lastly,  OC  use  could  be  detrimental  to  bone  health  in  exercising  women  with  nonnal 
menstrual  cycles.  Studies  from  two  research  groups  found  that  physically  active  women  who 
used  low-dose  OCs  (<50  gg  ethinyl  estradiol)  had  reduced  BMD  compared  with  physically 


active  women  who  did  not  use  OCs  (14,15,26)  or  inactive  women  (26).  To  our  knowledge, 
there  have  been  no  randomized  trials  of  OC  use  and  BMD  in  eumenorrheic  female  athletes. 

Paragraph  3.  OC  use  may  also  protect  against  stress  fractures  in  athletes,  by 
affecting  bone  quality,  bone  turnover,  or  a  combination  of  these  (2),  but  results  of  previous 
studies  are  mixed.  One  cross-sectional  and  one  case-control  study  linked  OC  use  to  a 
decrease  in  stress  fracture  risk  (1,20),  but  two  prospective  cohort  studies,  in  athletes  (3)  and 
female  military  recruits  (23),  found  no  association.  There  have  been  no  randomized  trials  to 
test  this  hypothesis. 

Paragraph  4.  We  conducted  a  randomized  trial  to  test  the  effect  of  OC  use  on  bone 
mass  and  stress  fracture  incidence  in  female  runners.  We  chose  to  focus  on  running  to 
reduce  heterogeneity  otherwise  introduced  by  multiple  sports,  and  because  runners  have  a 
high  frequency  of  both  amenorrhea  and  stress  fractures. 

Materials/methods 

Participants  and  recruitment 

Paragraph  5.  The  study  recruited  150  competitive  female  runners  from  inter¬ 
collegiate  cross  country  teams,  post-collegiate  running  clubs,  and  road  races  mainly  in  the 
geographic  areas  of  Palo  Alto,  CA,  Los  Angeles,  CA,  Ann  Arbor,  MI,  West  Haverstraw, 
NY,  and  Boston,  MA.  Recruitment  took  place  between  August  1998  and  September  2003. 
To  be  eligible,  women  had  to  be  18-26  years  old,  run  at  least  40  miles/week  during  peak 
training  times,  and  compete  in  running  races.  Women  were  excluded  if  they  had  used  OCs, 
other  hormone  therapy,  or  other  hormonal  contraception  within  six  months  before  entering 
the  study;  were  unwilling  to  be  randomized  to  take  OCs  or  not  to  take  them  for  two  years;  or 


had  any  medical  contraindications  to  OC  use.  All  women  were  required  to  visit  a  study 
physician  or  student  health  service  staff  member  prior  to  enrollment  in  the  study  to  rule  out 
contraindications  to  OC  use.  Details  of  the  study  and  testing  procedures  were  explained  to 
each  subject,  and  a  written,  informed  consent  was  obtained.  The  protocol  was  approved  by 
the  Institutional  Review  Boards  of  Stanford  University,  the  University  of  California  Los 
Angeles,  the  University  of  Michigan,  the  Helen  Hayes  Hospital,  the  Massachusetts  General 
Hospital,  the  U.S.  Army  Medical  Research  and  Materiel  Command,  and  the  colleges  from 
which  participants  were  recruited. 


Randomization  and  intervention 

Paragraph  6.  Eligible  women  were  randomly  assigned  to  receive  OCs  or  no 
intervention  for  an  intended  2  years,  stratified  according  to  clinical  site.  An  independent 
investigator  who  was  not  otherwise  affiliated  with  the  study  performed  the  randomization 
using  a  random  number  table.  Those  assigned  to  take  OCs  received  the  prescription  from  a 
study  physician  or  student  health  service  staff  member.  The  OC  active  ingredients  were  30 
pg  ethinyl  estradiol  and  0.3  mg  norgestrel,  (Lo/Ovral,  Wyeth  Ayerst,  28-day  pack).  No 
placebo  was  used,  and  neither  the  athletes  nor  prescribing  physician  were  blinded  to 
treatment  assignment,  as  it  would  be  unethical  to  have  women  unsure  of  their  contraceptive 
status. 

Data  collection  and  follow-up 

Paragraph  7.  At  baseline,  participants  visited  one  of  the  clinical  sites  for  bone, 


body  composition,  and  physical  measurements.  Bone  mineral  density  (BMD),  bone  mineral 


content  (BMC),  and  body  composition  were  measured  by  dual  energy  x-ray  absorptiometry 
(see  below).  Height  and  weight  were  measured  using  standard  stadiometers  and  balance- 
beam  scales,  respectively  (Stanford  University:  Harpenden  stadiometer/Healthometer  scale; 
University  of  California  Los  Angeles:  Healthometer;  University  of  Michigan:  Healtometer; 
Helen  Hayes  Hospital:  Measurement  Concepts  stadiometer/Detecto  scale;  Massachusetts 
General  Hospital:  Healtometer).  Participants  also  filled  out  questionnaires  on  menstrual 
history,  previous  use  of  OCs,  injury  and  stress  fracture  history,  training  regimen,  diet,  eating 
attitudes,  and  eating  behaviors  as  previously  described  (5).  Women  were  classified  as 
amenorrheic,  oligomenorrheic,  or  eumenorrheic  based  on  the  number  of  menses  they 
reported  having  in  the  previous  12  months  (5).  Amenorrhea  was  defined  as  0-3  cycles  in  the 
past  year;  oligomenorrhea  was  defined  as  4-9  cycles  in  the  past  year;  and  eumenorrhea  was 
defined  as  10  or  more  cycles  in  the  past  year  (5).  Participants  were  asked  to  return  to  the 
same  clinical  site  one  year  and  two  years  later  to  repeat  these  measurements  and 
questionnaires. 

Paragraph  8.  There  werel24  participants  (83%)  who  attended  at  least  one  of  these 
follow-up  appointments  and  96  (64%)  participants  attended  both,  at  an  average  of  14.4 
months  (median:  13.1  months)  and  26.6  months  (median:  25.4  months),  respectively,  after 
baseline.  Three  additional  women  provided  infonnation  on  stress  fracture  occurrence  (for  an 
average  of  7.9  months  after  baseline),  but  did  not  return  for  any  clinical  visits.  Baseline 
characteristics  of  the  23  participants  with  no  follow-up  data  were  similar  to  those  with 
follow-up  data,  except  that  they  were  more  likely  to  have  a  history  of  stress  fracture  prior  to 
baseline  (52%  vs.  32%,  p=0.05). 


Paragraph  9.  Between  clinic  visits,  participants  filled  out  a  monthly  calendar  on 
which  they  recorded  menstrual  bleeding,  use  of  OC  pills,  and  the  occurrence  of  stress 
fractures. 

Ascertainment  of  compliance 

Paragraph  10.  Women  in  the  treatment  group  were  asked  to  report  if  and  when 
they  discontinued  taking  the  study  medication.  Treatment  compliance  was  also  monitored 
through  return  of  used  pill  packs,  monthly  calendars,  and  yearly  questionnaires.  If  a  woman 
reported  having  discontinued  treatment,  she  was  contacted  by  a  study  investigator  to 
determine  if  and  when  OCs  were  discontinued  and  the  reason  why.  Similarly,  women  in  the 
control  group  were  asked  to  contact  us  if  they  were  planning  to  start  an  OC.  If  so,  they  were 
encouraged  to  take  the  study  pill  (Lo/Ovral,  Wyeth- Ay  erst)  or  a  pill  with  a  similar  dose  of 
estrogen.  Compliance  was  also  monitored  on  monthly  calendars  and  yearly  questionnaires. 

If  a  woman  reported  having  started  OCs,  she  was  contacted  by  a  study  investigator  to  get  the 
date  of  starting  OCs,  as  well  as  the  formulation  and  the  reason  for  starting  them.  Among 
women  in  the  control  group  who  took  OCs,  the  majority  took  Lo/Ovral  or  Ortho  Tri-Cyclen 
(Ortho-McNeil  Pharmaceutical,  Inc.,  35  pg  ethinyl  estradiol).  The  trends  appeared  similar 
with  both  formulations,  but  numbers  were  too  small  to  make  firm  conclusions,  so  we 
combined  them  into  a  single  OC  group  for  all  secondary  analyses. 

Ascertainment  of  outcomes:  Bone  mineral  density  and  content 

Paragraph  11.  At  baseline  and  each  follow-up  visit,  BMD  (g/cnr)  and  BMC  (g)  at 
the  left  proximal  femur,  lumbar  spine,  and  whole  body,  were  estimated  by  dual  energy  x-ray 


absorptiometry  (DXA,  Hologic  QDR  4500A  at  4  sites,  QDR  2000  at  one  site).  The 
coefficient  of  variation  for  measuring  BMD  at  the  hip  and  spine  in  the  same  person  after 
leaving  and  then  returning  to  the  measuring  table  on  the  same  day  was  2%  or  less  at  each  of 
the  clinical  sites  (Stanford  University:  0.9%  for  the  lumbar  spine,  0.6%  for  the  total  hip; 
University  of  California  Los  Angeles:  1.4%  spine,  2.2%  femoral  neck;  University  of 
Michigan:  1.0%  spine,  0.9%  femoral  neck;  Helen  Hayes  Hospital:  1.2%  spine,  1.4%  hip; 
Massachusetts  General  Hospital:  1.0%  spine,  1.4%  hip).  For  most  of  the  periods  of  data 
collection,  machines  were  cross-calibrated  using  a  circulating  Hologic  anthropomorphic 
spine  phantom,  and  each  site  maintained  a  quality  assurance  program. 

Ascertainment  of  outcomes:  stress  fractures 

Paragraph  12.  Participants  were  asked  to  record  the  occurrence  of  a  possible  stress 
fracture  on  a  monthly  calendar  and  also  to  report  their  occurrence  to  the  coordinating  center 
immediately.  Participants  were  also  queried  periodically  about  the  occurrence  of  stress 
fractures  by  e-mail,  phone,  and  on  their  questionnaires.  Fractures  had  to  be  confirmed  by  x- 
ray,  bone  scan,  or  magnetic  resonance  imaging  to  be  counted  in  this  study.  All  self-reported 
stress  fractures  were  in  fact  confirmed.  The  study  paid  for  the  imaging  as  needed.  We 
included  stress  fractures  that  occurred  up  to  one  month  after  the  final  follow-up  visit. 

Statistical  design  and  analysis 

Paragraph  13.  We  calculated  that  we  would  need  150  subjects  (75  per  group)  to 
attain  80%  power  to  detect  differences  in  changes  in  BMD  and  stress  fracture  incidence 
between  the  OC  group  and  the  control  group,  assuming  a  20%  annual  rate  of  stress  fractures 


in  the  control  group  (3),  a  3-fold  difference  in  stress  fracture  incidence  (1,20),  and  a  half- 
standard  deviation  difference  in  changes  in  BMD,  and  accounting  for  anticipated  losses  to 
follow-up  and  noncompliance  (we  anticipated  that  5%  of  subjects  would  be  lost  to  follow¬ 
up;  20%  of  treated  subjects  would  discontinue  OCs;  and  5%  of  control  subjects  would  begin 
OCs). 

Paragraph  14.  Statistical  analyses  were  perfonned  using  the  SAS  statistical  package, 
version  9.1  (SAS  Institute,  Cary,  NC,  U.S.A.).  Means  were  compared  between  groups  using 
a  t-test  for  normally  distributed  variables  and  a  Wilcoxon  sum-rank  test  for  non-normally 
distributed  variables.  Proportions  were  compared  using  a  chi-square  test  or  a  Fisher’s  exact 
test,  in  the  case  of  small  cells.  For  graphing,  changes  in  BMD,  BMC,  and  weight  were 
expressed  as  annualized  percent  change  since  baseline. 

Paragraph  15.  All  primary  outcomes  were  analyzed  according  to  the  intention- 
to-treat  principle.  Linear  mixed-effects  models  were  used  to  determine  the  effect  of  OCs  on 
changes  in  BMD  and  BMC  over  time.  As  initially  planned,  all  BMD  and  BMC  analyses 
were  stratified  according  to  baseline  menstrual  status.  Cox  proportional  hazards  models 
were  used  to  determine  the  effect  of  OCs  on  stress  fracture  incidence.  Potential  effect 
modifiers  of  the  relationship  between  OCs  and  bone  mass  or  OCs  and  stress  fractures  were 
evaluated  by  stratifying  the  model  (for  categorical  variables)  or  by  including  an  interaction 
tenn  (for  both  categorical  and  continuous  variables). 

Paragraph  16.  Secondary  analyses  were  performed  on  the  127  women  who 
provided  follow-up  data.  Per-protocol  analyses  excluded  women  from  the  analysis  at  the 
time  they  switched  groups.  Treatment-received  analyses  grouped  women  according  to  their 
actual  use  of  OCs,  or  modeled  OC  use  as  a  time-dependent  variable  (allowing  OC  status  to 


change  at  the  dates  of  starting  and  stopping  OCs).  BMD  and  BMC  changes  were  analyzed 
by  mixed  models  and  stress  fracture  data  were  analyzed  by  Cox  proportional  hazards 
models.  In  mixed  models  with  changes  in  BMD  or  BMC  as  the  outcome,  calcium  intake  was 
adjusted  for  energy  intake  by  the  residual  method  (27). 

Results 

Baseline  characteristics 

Paragraph  1 7.  One -hundred  fifty  women  were  randomized  to  receive  OCs  or  no 
intervention  (Figure  1).  By  chance,  69  women  were  assigned  to  the  OC  group  and  81  to  the 
control  group.  The  groups  were  well  balanced  on  age,  race/ethnicity,  BMD,  stress  fracture 
history,  menstrual  history,  weight  and  body  composition,  dietary  factors,  and  training  factors 
(Table  1).  Amenorrhea  was  more  common  in  the  OC  group  and  oligomenorrhea  was  more 
common  in  the  control  group,  but  these  differences  were  not  statistically  significant  and  the 
groups  were  similar  in  the  total  proportion  of  athletes  with  menstrual  irregularity 
(amenorrhea  or  oligomenorrhea). 

Paragraph  18.  At  baseline,  amenorrheic  women  had  the  lowest  BMD  on  average 
(spine:  0.932  g/cm  ,  hip:  0.937  g/cnr);  oligomenorrheic  women  had  intermediate  values 
(spine:  0.967,  hip:  0.972  g/cm');  and  eumenorrheic  women  had  the  highest  BMD  (spine: 
0.995  g/cm',  hip:  0.988  g/cm  ).  However,  these  differences  did  not  quite  reach  statistical 
significance. 


Retention  and  adherence 


Paragraph  19.  Twenty-three  participants  (15%)  withdrew  or  were  lost  to  follow-up 
after  baseline  (Figure  1).  Reasons  for  withdrawing  included:  geographic  relocation, 
pregnancy,  illness,  and  lack  of  time.  Of  the  remaining  127  participants,  42  (33%)  switched 
groups  during  the  study — 25.5%  of  the  treatment  group  discontinued  OCs  after  an  average 
of  5.4  months  of  use  and  38.9%  of  the  control  group  started  taking  them  at  an  average  of 
1 1.3  months  into  the  study  (Table  2).  Four  women  in  the  control  group  and  one  woman  in 
the  treatment  group  switched  groups  twice.  The  reasons  women  gave  for  stopping  OCs 
included  (in  decreasing  order  of  frequency):  fear  of  weight  gain  or  perceived  weight  gain, 
side  effects  (irritability,  abdominal  symptoms,  nausea,  fatigue,  or  unspecified),  and  fear  of 
detriment  to  athletic  performance.  The  reasons  control  women  gave  for  starting  OCs 
included  (in  decreasing  order  of  frequency)  to:  regulate  periods,  alleviate  menstrual 
symptoms  and  cramps,  prevent  pregnancy,  treat  acne,  and  treat  allergies. 

Paragraph  20.  Women  who  stopped  taking  OCs  had  significantly  lower  percent 
body  fat,  fewer  menstrual  periods  per  year,  and  more  disordered  eating  than  women  who 
adhered  to  OCs  (Table  2).  Amenorrheic  women  were  the  least  likely  to  comply  with  taking 
OCs:  of  eight  amenorrheic  women  who  were  assigned  to  OCs,  only  one  took  them  through 
the  entire  study  (of  the  remaining  seven,  two  were  lost  to  follow-up,  five  discontinued  OCs 
within  two  months,  and  one  discontinued  OCs  after  1.5  years).  In  the  control  group,  women 
who  self-initiated  OC  use  were  less  likely  than  control  adherent  women  to  have  a  history  of 
stress  fractures  prior  to  baseline. 


Primary  analysis:  Bone  mineral  content  and  density 


Paragraph  21.  The  effect  of  OCs  on  bone  mass  was  similar  across  the  clinical  sites, 
so  we  combined  the  data  from  the  sites,  retaining  site  as  a  covariate  in  all  models.  Results 
for  spine  and  hip  BMD  were  similar  to  results  for  spine  and  hip  BMC;  for  comparability 
with  previous  studies,  we  report  the  BMD  results  for  these  sites. 

Paragraph  22.  We  found  that  randomization  to  OCs  had  no  effect  on  changes  in 
bone  mineral  content  or  density — with  one  exception:  in  the  oligomenorrheic  group,  total 
hip  BMD  was  significantly  reduced  (p=0.04)  in  the  OC  group  compared  with  the  control 
group  (Table  3).  This  finding  may  be  the  result  of  chance  due  to  multiple  comparisons  and 
small  numbers.  Following  correction  for  multiple  comparisons  with  a  Hochberg  correction 
(16),  this  difference  was  no  longer  statistically  significant  at  the  .05  level. 

Paragraph  23.  Regardless  of  treatment  assignment,  bone  changes  were  strongly 
related  to  initial  menstrual  status.  Overall,  the  amenorrheic  and  oligomenorrheic  groups  had 
significant  increases  in  spine  BMD  and  whole  body  BMC,  with  the  largest  gains  occurring 
in  the  amenorrheic  group.  Eumenorrheic  women  had  a  small  but  significant  increase  in 
whole  body  BMC  (6.4  ±  2.6  g/year,  p<.05),  but  no  changes  in  hip  or  spine  BMD. 

Paragraph  24.  We  found  no  interactions  between  randomization  status  and  age, 
BMD,  weight,  weight  changes,  body  composition,  disordered  eating,  calcium  intake,  or 
miles  run  per  week  with  respect  to  bone  outcomes. 

Secondary  analyses:  Bone  mineral  content  and  density 

Paragraph  25.  One  hundred  and  twenty-four  women  had  at  least  one  follow-up 
DXA  and  were  included  in  secondary  analyses.  We  combined  the  amenorrheic  and 
oligomenorrheic  groups  for  these  analyses  because  the  groups  gave  similar  results  when 


analyzed  separately,  but  the  amenorrheic  group  was  too  small  (n=10)  to  yield  precise 
estimates  in  multivariate  analyses. 

Paragraph  26.  Per-protocol  and  treatment-received  analyses  gave  similar  results  to 
the  intention- to -treat  analysis  (data  not  shown),  except  we  did  not  find  a  negative  effect  of 
OCs  on  hip  BMD  in  oligo/amenorrheic  women.  For  treatment-received  analyses,  we 
classified  women  as  being  in  the  OC  group  if  they  had  used  OCs  for  at  least  six  months 
during  the  study.  We  used  a  cutoff  of  six  months  because  it  may  take  this  long  for  OCs  to 
affect  bone  mineral  density.  We  repeated  all  analyses  using  an  alternate  cutoff  of  three 
months  or  modeling  OC  use  as  a  time-dependent  variable,  and  found  similar  results  (data  not 
shown). 

Paragraph  27.  Fourteen  of  the  oligo/amenorrheic  women  (4  amenorrheic  and  10 
oligomenorrheic)  regained  their  periods  spontaneously  (had  10  or  more  periods  in  the  year 
prior  to  their  final  measurement),  without  the  help  of  OCs.  When  we  divided 
oligo/amenorrheic  women  into  those  who  had  used  OCs  (for  at  least  six  months),  those  who 
regained  their  periods  spontaneously,  and  those  whose  cycles  never  normalized,  we  found 
that  OC  users  gained  significantly  more  whole  body  BMC  and  spine  BMD  than  women  who 
remained  oligo/amenorrheic  (Figure  2,  Table  4).  The  gain  in  bone  mass  among  OC  users  did 
not  differ  statistically  from  women  who  regained  periods  spontaneously.  On  average,  both 
groups  gained  about  1%  per  year  in  whole  body  BMC  and  spine  BMD,  whereas  women  who 
remained  oligo/amenorrheic  neither  gained  nor  lost  bone.  Average  weight  gain  was  (non- 
significantly)  higher  in  the  OC  group  than  the  other  two  groups  during  the  first  year  of  the 
study  (Figure  2),  but  adjustment  for  weight  changes  did  not  remove  the  effect  of  OCs  (Table 
4).  Adjustment  for  changes  in  body  composition  gave  similar  results  (data  not  shown). 


Paragraph  28.  In  oligo/amenorrheic  women,  weight  gain  independently  predicted 
gains  in  spine  BMD  and  whole  body  BMC,  and  showed  a  trend  at  the  hip  (p<.10).  Gains  in 
fat  mass  also  independently  predicted  gains  in  spine  and  hip  BMD  and  whole  body  BMC, 
but  gains  in  lean  mass  predicted  gains  only  in  whole  body  BMC  (data  not  shown).  Since 
changes  in  fat  mass  and  weight  were  highly  correlated  (r=.84,  pc.OOOl),  we  chose  to  include 
weight  in  the  final  model  because  it  is  a  more  clinically  accessible  measure.  Higher  dietary 
calcium  intake  also  predicted  gains  in  whole  body  BMC  and  hip  BMD  in  oligo/amenorrheic 
women. 

Paragraph  29.  In  eumenorrheic  women,  weight  gain  was  not  associated  with  bone 
changes,  but  dietary  calcium  intake  was  associated  with  increases  in  hip  BMD  (p<.05),  and 
showed  a  trend  for  whole  body  BMC  (p<.  1 0)  (Table  4). 


Primary  analysis:  stress  fractures 

Paragraph  SO.  Eighteen  runners  had  at  least  one  stress  fracture  during  the  study  in 
the  tibia,  foot,  femur,  or  pelvis  (Table  5).  Six  occurred  in  the  group  randomized  to  OCs  (5.8 
per  woman-year)  and  12  in  the  group  randomized  to  control  (9.2  per  woman-year)  (Table  6). 
After  adjusting  for  baseline  menstrual  status,  clinical  site,  age,  prior  stress  fracture,  and 
spine  BMD  (the  latter  two  variables  were  strongly  related  to  fracture  risk)  in  a  Cox 
proportional  hazards  model,  we  found  that  randomization  to  OCs  yielded  a  non-significant 
43%  decrease  in  the  rate  of  stress  fracture.  This  effect  was  similar  across  the  different 
clinical  sites  and  across  baseline  menstrual  groups;  the  hazard  ratio  (and  95%  confidence 
interval)  for  eumenorrheic  women  was:  0.56  (0.14,  2.22),  and  for  oligo/amenorrheic  women 


was:  0.60  (0.06,  5.83). 


Paragraph  31.  Women  who  were  oligo/amenorrheic  at  baseline  were  not  at 
increased  risk  of  fracture  compared  with  women  who  were  eumenorrheic  at  baseline  (HR: 
1.20);  however,  the  majority  of  oligo/amenorrheic  women  regained  menstrual  regularity 
during  the  trial.  A  small  group  of  women  who  remained  oligo/amenorrheic  (n=l  1)  or 
became  so  during  the  study  (n=2)  had  a  non-significant  increase  in  fracture  risk  (HR  [95% 
Cl]:  2.71  [0.70-10.60]). 

Paragraph  32.  We  did  not  find  interactions  between  randomization  status  and  age, 
low  BMD,  weight,  weight  changes,  body  composition,  past  menstrual  irregularity, 
disordered  eating,  calcium  intake,  or  miles  run  per  week  with  respect  to  stress  fractures, 
though  we  had  limited  statistical  power  to  detect  interactions. 

Paragraph  33.  Four  women  had  a  second  stress  fracture  during  the  study  (three  in 
the  control  group  and  one  in  the  treatment  group),  but  this  was  too  few  to  evaluate 
statistically. 

Secondary  analyses:  stress  fractures 

Paragraph  34.  When  we  excluded  non-adherent  women  from  our  analysis  on  the 
date  at  which  they  switched  groups,  OCs  appeared  more  protective,  but  did  not  reach 
statistical  significance  (Table  6).  We  then  modeled  OC  use  as  a  time-dependent  variable  to 
ensure  that  we  were  only  counting  OC  treatment  that  occurred  prior  to  each  fracture.  When 
women  were  taking  OCs  (and  had  been  on  them  at  least  a  month),  OC  use  appeared  to  be 
significantly  protective  (HR  [and  95%  Cl]:  0.23  [0.06,0.86]).  However,  four  fractures 
occurred  in  the  control  group  within  the  first  three  months  of  the  study,  and  it  is  unclear  if 
these  fractures  can  be  attributed  to  anything  other  than  chance.  Excluding  these  fractures  by 


requiring  OC  use  of  at  least  3  months  reduced  the  magnitude  of  the  effect  slightly  and  also 
reduced  our  statistical  power  (HR  [and  95%  Cl]:  0.40  [0.11,  1.50]). 

Adverse  events 

Paragraph  35.  There  were  no  serious  adverse  events  in  the  trial.  Five  women 
discontinued  OCs  citing  irritability,  abdominal  symptoms,  nausea,  fatigue,  or  unspecified 
side  effects. 

Discussion 

Paragraph  36.  We  found  that  randomization  to  OCs  had  no  effect  on  BMD  or  BMC 
in  oligo/amenorrheic  or  eumenorrheic  female  runners,  and  yielded  a  43  percent  reduction 
(not  statistically  significant)  in  rate  of  stress  fractures  across  menstrual  groups.  The  trial’s 
statistical  power  was  diminished  by  non-compliance:  38.9  percent  of  women  in  the  control 
group  started  taking  OCs  and  25.5  percent  of  women  in  the  treatment  group  stopped  taking 
them  (among  those  with  follow-up  data).  Additionally,  power  was  reduced  because  38 
percent  of  oligo/amenorrheic  runners  in  the  control  group  resumed  normal  menses 
spontaneously.  We  confirm  the  difficulties  of  doing  a  definitive  trial  of  OCs  in  female 
athletes  (11). 

Paragraph  37.  Contrary  to  previous  reports  (14,15,26),  we  did  not  find  that  use  of 
low-dose  OCs  was  detrimental  to  bone  mineral  density  levels  in  eumenorrheic  female 
athletes.  Some  of  these  previous  reports  were  cross-sectional  studies  (14,15),  which  cannot 
establish  the  direction  of  causality  and  may  be  confounded  by  reasons  for  use  of  OCs. 
Because  of  our  choice  of  study  population,  we  cannot  rule  out  a  negative  effect  of  OC  use 


for  inactive  women  who  begin  an  exercise  program  (26)  or  for  athletes  younger  than  1 8 
(14). 

Paragraph  38.  In  our  treatment-received  analyses,  we  found  that  oligo/amenorrheic 
runners  who  took  OCs  for  at  least  six  months  gained  more  spine  BMD  and  whole  body 
BMC  than  runners  who  remained  oligo/amenorrheic,  and  this  association  was  independent 
of  changes  in  weight  or  body  composition.  The  magnitude  of  the  effect — approximately  1% 
annual  gains — was  similar  to  that  of  regaining  periods  spontaneously  or  gaining  5  kg. 
However,  we  cannot  conclude  that  OCs  per  se  caused  these  gains.  Women  who  dropped  out 
of  the  OC  group  were  more  likely  to  be  amenorrheic  and  have  disordered  eating,  two  factors 
that  predispose  to  continued  bone  loss  or  lack  of  bone  growth.  Oligo/amenorrheic  runners 
who  adhered  to  or  started  on  OCs  may  have  been  concerned  about  their  bone  health  and  thus 
actively  trying  to  improve  it  in  other  ways  not  discernible  in  this  study. 

Paragraph  39.  Results  of  previous  studies  of  estrogen  supplementation  and  BMD  in 
amenorrheic  athletes  have  been  mixed  and  may  be  complicated  by  the  use  of  different 
formulations  and  doses  of  hormones.  Longitudinal  cohort  studies  of  OCs  (30-35  pg  ethinyl 
estradiol  [4,22,25]  or  hormone  therapy  (0.625  mg  conjugated  estrogen  or  50  pg  estradiol 
patch  [6])  have  found  small  to  modest  positive  effects  on  BMD  in  amenorrheic  athletes,  but 
these  studies  may  be  confounded  by  other  factors  associated  with  the  choice  to  take 
hormones.  Two  randomized  trials  failed  to  find  an  effect  of  hormone  therapy 
(Premarin/Provera  and  2  mg  estradiol/ 1  mg  estriol,  respectively)  in  24  amenorrheic  ballet 
dancers  (24)  and  34  oligo/amenorrheic  runners  (11).  However,  similar  to  our  findings  with 
OCs,  the  latter  trial  did  find  a  significant  benefit  for  using  hormones  compared  with 
remaining  oligo/amenorrheic  in  treatment-received  analyses. 


Paragraph  40.  Our  results  confirm  previous  findings  that  spontaneous  recovery  of 
menses  benefits  the  skeleton  (8,1 1,18).  In  our  study,  it  was  unclear  why  some  runners 
spontaneously  resumed  normal  menses  and  others  did  not,  and  the  reasons  are  likely 
heterogeneous.  Previous  researchers  have  found  that  decreased  training,  increased  caloric 
intake,  and  weight  gain  predict  spontaneous  resumption  of  menses  (8,18).  We  found  that,  on 
average,  women  who  spontaneously  regained  menses  had  a  trend  toward  higher  caloric 
intake  than  women  who  remained  oligo/amenorrheic,  but  this  translated  to  only  slightly 
higher  average  gains  in  weight  and  fat  mass.  We  speculate  that  small  improvements  in 
energy  balance  and  eating  patterns  may  normalize  menstrual  periods  without  substantial 
weight  gain. 

Paragraph  41.  We  confirm  previous  findings  that  weight  gain  is  an  important 
independent  predictor  of  bone  mass  gain  in  oligo/amenorrheic  athletes  (18);  weight  gain  was 
associated  with  increases  in  whole  body  BMC,  spine  BMD,  and  hip  BMD.  Fat  mass  gains 
were  more  predictive  of  changes  in  BMD  and  BMC  than  lean  mass  gains. 

Paragraph  42.  Dietary  calcium  intake  (controlled  for  energy  intake)  predicted  gains 
in  whole  body  BMC  and  hip  BMD  in  both  oligo/amenorrheic  and  eumenorrheic  athletes, 
with  a  stronger  effect  in  oligo/amenorrheic  women.  We  found  no  effect  for  calcium 
supplementation,  but  this  variable  was  imprecisely  measured,  and  use  of  supplements  was 
sporadic  in  this  population.  One  previous  cross-sectional  study  found  a  relationship  between 
dietary  calcium  intake  and  BMD  (29),  but  these  estimates  were  not  adjusted  for  energy 
intake.  We  believe  the  present  study  is  the  first  longitudinal  study  to  show  that  dietary 
calcium  intake  is  important  for  continued  skeletal  mineralization  in  young  adult  female 


runners. 


Paragraph  43.  Whole  body  BMC  was  significantly  increasing  over  the  course  of  the 
study  in  all  menstrual  groups,  thereby  indicating  continued  skeletal  mineralization  in  this 
age  group.  Amenorrheic  and  oligomenorrheic  women  who  recovered  their  periods  (through 
OCs  or  spontaneously)  gained  whole  body  BMC  and  spine  BMD  (but  not  hip  BMD)  at  a 
faster  rate  than  eumenorrheic  women.  This  is  promising  in  that  it  suggests  a  catch-up  effect 
whereby  previously  amenorrheic  and  oligomenorrheic  athletes  with  reduced  BMD  can  gain 
bone  in  the  third  decade  of  life  (9). 

Paragraph  44.  This  is  the  first  randomized  trial  to  test  whether  OCs  can  protect 
young  female  athletes  against  stress  fractures.  Our  results  are  inconclusive,  but  show  a  trend 
toward  protection.  In  our  intention-to-treat  analysis,  there  was  a  non-significant  43% 
reduction  in  stress  fracture  incidence  among  women  randomized  to  OCs.  The  magnitude  of 
the  effect  was  similar  in  eumenorrheic  and  oligo/amnennorheic  runners.  Follow-up,  but  not 
baseline,  menstrual  irregularity  was  associated  with  a  non-significant  increase  in  fracture 
risk. 

Paragraph  45.  The  effect  of  OCs  on  stress  fractures  became  stronger  in  both  per- 
protocol  and  treatment-received  analyses.  In  our  treatment-received  analysis,  women  were 
significantly  protected  against  fractures  (by  77%)  whenever  they  were  taking  OCs,  though 
this  estimate  was  weakened  when  we  excluded  fractures  that  occurred  early  in  the  trial  (58% 
reduction  in  risk,  p=.20).  Our  finding  may  be  due  to  chance  or  bias.  We  found  that  women 
who  switched  from  the  control  group  to  OC  use  were  less  likely  to  have  a  history  of  stress 
fractures  prior  to  joining  the  study.  Thus,  the  type  of  woman  runner  who  is  willing  to 
continue  on  or  chooses  to  take  OCs  may  be  less  prone  to  fracture  for  other  reasons. 


Paragraph  46.  OCs  may  protect  against  stress  fractures  by  suppressing  bone 
turnover  (25).  During  bone  remodeling,  bone  resorption  precedes  bone  formation, 
temporarily  leaving  skeletal  sites  weakened  and  more  vulnerable  to  fracture  (2).  OCs  may 
also  protect  against  fracture  through  cumulative  effects  on  BMD  (2),  but  we  found  no 
evidence  of  this  in  our  trial.  Finally,  OCs  may  be  acting  on  some  other  aspect  of  bone 
quality  that  affects  fracture  risk. 

Paragraph  47.  Our  findings  are  consistent  with  two  previous  observational  studies 
that  found  protective  effects  of  similar  magnitude.  In  a  case-control  study  by  Myburgh  et  al. 
(20),  current  use  of  OCs  was  associated  with  a  76%  reduction  in  the  odds  of  stress  fracture; 
in  a  cross-sectional  study  by  Barrow  and  Saha  (1),  ever  use  of  OCs  (for  at  least  one  year) 
was  associated  with  a  59%  reduction  in  risk  of  ever  having  had  a  fracture.  Our  findings 
differ  from  two  prospective  cohort  studies  that  reported  no  benefit  for  OCs  in  track  and  field 
athletes  and  female  military  recruits  (3,23). 

Paragraph  48.  Even  if  OCs  confer  benefit,  women  at  the  highest  risk  of  severe  bone 
deficits  and  stress  fractures  may  be  unwilling  to  take  them.  The  amenorrheic  women  in  our 
study  had  the  lowest  BMD  and  were  the  least  willing  to  take  OCs;  only  one  of  eight 
amenorrheic  women  assigned  to  OCs  took  them  for  the  entire  study  period.  Women  with 
disordered  eating,  considered  the  precipitating  factor  in  the  female  athlete  triad,  were  also 
less  likely  to  continue  taking  OCs,  possibly  driven  by  fear  of  weight  gain. 

Paragraph  49.  Our  study  highlights  the  difficulty  of  conducting  a  randomized  trial 
of  OC  use  in  this  population.  Recruitment  for  this  study  took  more  than  five  years.  Women 
have  strong  personal  preferences  regarding  OC  use  and  are  reluctant  to  leave  this  decision  to 


chance. 


Paragraph  50.  Even  though  this  is  the  largest  randomized  trial  yet  of  OCs  in  female 
athletes  (and  the  largest  in  oligo/amenorrheic  athletes),  the  trial  was  likely  underpowered  for 
both  BMD  and  stress  fracture  outcomes,  similar  to  the  findings  of  Gibson  et  al.  (11).  Our 
original  sample  size  calculations  greatly  underestimated  the  number  of  women  in  the  control 
group  who  would  switch  to  OCs  during  the  trial,  and  we  did  not  account  for  the  women  in 
the  oligo/amenorrheic  group  who  would  spontaneously  regain  periods  and  thus  obscure  our 
ability  to  see  effects.  Despite  our  best  efforts,  15  percent  of  the  study  sample  provided  no 
follow-up  data,  which  was  slightly  higher  than  initially  anticipated.  The  rate  of  stress 
fracture  in  the  control  group  was  also  lower  than  anticipated.  Based  on  our  results,  we 
estimate  that  we  in  fact  had  only  20  percent  power  to  detect  an  effect  of  OCs  on  stress 
fractures  in  our  intention-to-treat  analysis.  We  estimate  that  900  runners  would  be  required 
to  have  80  percent  power  to  detect  an  effect  of  OCs  on  stress  fractures  in  a  two-year  trial  of 
female  runners  of  any  menstrual  status.  From  our  study,  it  is  unclear  if  an  adequately 
powered  trial  for  the  effect  of  OCs  on  BMD  (in  oligo/amenorrheic  athletes)  is  even  possible; 
effects  may  be  completely  obscured  regardless  of  sample  size  because  of  the  high  rates  of 
women  switching  groups  or  spontaneously  regaining  menses.  Based  on  their  data,  Gibson  et 
al.  previously  estimated  that  1150  oligo/amenorheic  athletes  would  be  needed  (11);  given 
the  difficulties  that  we  had  recruiting  for  a  trial  of  150  runners  of  any  menstrual  status,  we 
believe  it  would  be  extremely  difficult  to  enroll  this  many  oligo/amenorrheic  athletes. 

Paragraph  51.  We  used  an  oral  contraceptive  with  30  pg  ethinyl  estradiol  and  0.3 
mg  norgestrel.  We  cannot  rule  out  that  different  dosages,  different  routes  of  administration 
of  hormones,  or  a  different  ratio  of  estrogen  to  progestin  might  have  more  beneficial  effects 


on  the  skeleton.  For  example,  isolated  case  reports  in  amenorrheic  women  suggest 
transdermal  estrogen  may  confer  more  benefits  to  bone  than  oral  estrogen  (13,30). 

Paragraph  52.  We  did  not  use  a  placebo  control  because  of  ethical  considerations 
and  the  high  probability  of  unblinding,  as  most  women  would  have  figured  out  whether  or 
not  they  were  on  OCs  by  the  timing  of  their  menstrual  cycles.  We  did  not  measure  serum 
honnone  concentrations  or  markers  of  bone  turnover,  which  may  have  added  infonnation  to 
the  study,  because  these  measurements  were  outside  of  the  study’s  scope  and  resources. 
Because  of  our  lack  of  hormone  data,  we  cannot  rule  out  that  some  cases  of  menstrual 
irregularity  were  due  to  mechanisms  other  than  hypothalamic  suppression;  such  cases  could 
have  contributed  to  our  failure  to  find  an  effect  for  OCs.  We  did  not  have  data  on  the 
severity  of  stress  fracture  injury,  which  may  have  limited  our  ability  to  see  effects.  We 
included  stress  fractures  from  multiple  skeletal  sites  in  our  analysis;  since  OCs  may 
differentially  affect  different  skeletal  sites,  this  may  also  have  obscured  our  ability  to  see 
effects.  Finally,  our  results  may  not  apply  to  athletes  in  other  sports,  since  only  runners  were 
considered. 

Paragraph  53.  In  summary,  we  found  that  OC  use  is  not  detrimental  to  BMD  or 
BMC  in  female  runners  and  may  protect  against  stress  fractures.  Our  data  suggest  that 
oligo/amenorrheic  athletes  with  low  BMD  should  be  advised  to  gain  weight,  increase  dietary 
calcium  intake,  and  consider  taking  OCs  if  they  are  unable  to  establish  regular  menses  on 
their  own.  However,  we  underscore  that  no  clinical  trials  (including  our  own)  have 
definitively  shown  that  hormone  therapy  or  OCs  increase  (or  prevent  loss  of)  BMD  or  BMC 
in  this  group.  We  conclude  that  it  will  be  difficult  to  conduct  a  randomized  trial  that 
definitively  answers  this  question. 
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TABLE  1.  Mean  ±  one  standard  deviation  or  percentage  (number)  with  selected  characteristic  at 


baseline,  by  treatment  randomization. 


Treatment  randomization 


Oral  contraceptives  Control  (n=81) 

(n=69) 


Age  (yr) 

22.3  ±2.7 

21.9  ±  2.6 

Race/ethnicity 

White 

82.6%  (57) 

82.7%  (67) 

Asian/Pacific  Islander 

4.4%  (3) 

9.9%  (8) 

Hispanic 

7.3%  (5) 

3.7%  (3) 

Black 

2.9%  (2) 

0%  (0) 

Other 

2.9%  (2) 

3.7%  (3) 

Clinical  site 

Stanford 

53.6%  (37) 

43.2%  (37) 

Boston 

17.4%  (12) 

21.0%  (17) 

Los  Angeles 

15.9%  (11) 

21.0%  (17) 

New  York 

10.1%  (7) 

8.6%  (7) 

Michigan 

2.9%  (2) 

6.2%  (5) 

Hip  BMD  (g/cm2) 

0.986  ±0.1 19 

0.975  ±0.1 14 

Spine  BMD  (g/cnr) 

0.979  ±  0.098 

0.985  ±0.112 

Whole  body  bone  mineral  content  (g) 

2171  ±312 

2146  ±279 

History  of  one  or  more  stress  fractures 

36.2%  (25) 

33.3%  (27) 

13.1  ±  1.4 


13.0  ±  1.5 


Age  at  menarche  (yr) 


Total  lifetime  menstrual  periods  (no.  cycles) 

69  ±28 

67  ±30 

Menses  in  past  year  (no.  cycles) 

9.4  ±3.8 

9.5  ±3.1 

Irregular  menses 

Amenorrhea  * 

11.6%  (8) 

6.2%  (5) 

Oligomenorrhea  f 

18.8%  (13) 

29.6%  (24) 

Ever  used  oral  contraceptives 

43.5%  (30) 

40.7%  (33) 

Height  (cm) 

165.9  ±6.6 

165.4  ±6.1 

Weight  (kg) 

58.2  ±7.3 

58.1  ±6.6 

Body  mass  index  (kg/nr) 

21.1  ±  1.9 

21.3  ±  2.0 

Body  fat  (%) 

22.7  ±5.2 

23.3  ±5.4 

Daily  caloric  intake  (kcahday'1) 

2250  ±893 

2302  ±988 

Dietary  calcium  intake  (mg’day'1) 

1394  ±829 

1412  ±670 

Total  eating  disorder  inventory  scorei 

14.7  ±  14.7 

10.6  ±  11.8 

Age  started  running  competitively  (yr) 

14.1  ±3.8 

14.3  ±3.3 

Average  distance  run  per  week,  past  year 

34.8  ±  10.5 

34.8  ±  11.4 

(miles) 

*  0-3  menstrual  periods  in  the  year  before  baseline, 
f  4-9  menstrual  periods  in  the  year  before  baseline. 

%  Total  eating  disorder  inventory  score,  which  can  range  from  0-69,  is  the  sum  of  the  scores 
from  the  anorexia,  bulimia,  and  body  dissatisfaction  subscales,  Gamer  and  Olmstead  (10). 


TABLE  2.  Selected  follow-up  measures  and  baseline  characteristics  according  to 
intervention  adherence  (where  follow-up  data  were  available). 


Adherence 


Characteristic 


Adherent  to 
treatment 
(n=41) 


Switched 

from 

treatment  to 
control 
(n=14) 


Adherent  to 
control 
(n=44) 


Switched 
from  control 
to  treatment 
(n=28) 


Follow-up  measure 


Time  in  study  (months) 

24.2  ±4.7 

24.7  ±8.5 

24.0  ±6.4 

25.6  ±8.3 

Time  switched  groups 

— 

5.4  ±5.6 

— 

11.3  ±  10.3 

(months  into  study) 

Oral  contraceptive  use 

24.2  ±4.7 

5.4  ±  5.6 

0 

14.4  ±9.1 

(months) 

Baseline  characteristic 

Age  (yr) 

22.0  ±2.7 

22.2  ±2.8 

22.1  ±2.6 

21.9  ±  2.8 

Hip  BMD  (g/cm2) 

0.994  ±0.132 

0.962  ±  0.088 

0.991  ±0.115 

0.977  ±0.108 

Spine  BMD  (g/cm2) 

0.984  ±0.104 

0.960  ±0.103 

1.00  ±0.115 

0.985  ±0.109 

Whole  body  bone  mineral 

2157  ±340 

2192  ±226 

2166  ±243 

2181  ±330 

content  (g) 


History  of  one  or  more 

34.2%  (14) 

28.6%  (4) 

38.6%(17) 

17.9%  (5)* 

stress  fractures 

Menses  in  past  year  (no. 

10.8  ±2.3 

6.3  ±  5. 1| 

9.6  ±2.9 

9.4  ±3.4 

cycles) 

Irregular  menses^ 

Amenorrhea 

2.4%  (1) 

35.7%  (5) § 

4.6%  (2) 

7. 1  %(2) 

Oligomenorrhea 

14.6%  (6) 

21.4%  (3) 

36.4%  (16) 

25.0%  (7) 

Weight  (kg) 

58.6  ±7.6 

57.2  ±5.4 

58.5  ±6.4 

58.4  ±6.6 

Body  fat  (%) 

23.7  ±4.8 

19.5  ±  6.1 1 

23.6  ±5.5 

23.0  ±5.1 

Total  eating  disorder 

10.9  ±  11.2 

17.4  ±  16.2 

12.0  ±  12.4 

10.0  ±  11.9 

inventory  score** 

Evidence  of  prior  or 

26.8%  (11) 

57.1%  (8)# 

31.8%  (14) 

32.1%  (9) 

current  disordered  eatingA 

*p=.06,  differs  from  control  adherent  group,  chi-square  test 
tp<.005,  differs  from  treatment  adherent  group,  Wilcoxon  sum-rank  test 
'  Amenorrhea  was  defined  as  0-3  periods  in  the  year  before  baseline;  oligomenorrhea  was 
defined  as  4-9  periods  in  the  year  before  baseline 
55  p<.005,  differs  from  treatment  adherent  group,  Fisher’s  exact  test 
p<.05,  differs  from  treatment  adherent  group,  ttest 

**  Total  eating  disorder  inventory  (EDI)  score,  which  can  range  from  0-69,  is  the  sum  of  the 
scores  from  the  body  dissatisfaction,  anorexia,  and  bulimia  subscales,  Garner  and  Olmstead 


(10). 


TABLE  3.  Annual  rate  of  change*  in  spine  and  hip  BMD  (BMD)  and  whole  body  bone 
mineral  content  (BMC)  by  treatment  randomization,  stratified  on  initial  menstrual  status. 

Whole  body  BMC  Spine  BMD  Hip  BMD 

(g/year  ±  SE)  (g/cm2/year  ±  SE)  (g/cm2/year  ±  SE) 

Amcnorrhcic1 


Treatment  (n=8) 

16.1  ±  10.3 

0197  ±  .0036§ 

.0050  ± .0040 

Control  (n=5) 

28.9  ±  9.9 1 

.0138  ±.0049! 

0052  ± .0054 

Treatment  vs.  Control 

-12.8  ±  12.4 

.0060  ±.0061 

-.0002  ±  .0067 

Oligomenorrheic* 

Treatment  (n=13) 

23.2  ±  10.4 1 

.0019  ±.0037 

-.0096  ±  .0033* 

Control  (n=24) 

15.3  ±7.4 1 

.0076  ±  .0026** 

.0012  ±.0023 

Treatment  vs.  Control 

8.1  ±  12.8 

-.0056  ±  .0045 

-.01076±  .0041 

Eumenorrheic 

Treatment  (n=48) 

9.9  ±  3.9 1 

.0022  ±.00 19 

.0013  ±.0017 

Control  (n=52) 

3.7±  3.4 

.0002  ±.0016 

-.0023  ±.0015 

Treatment  vs.  Control 

6.2  ±5.2 

.0020  ±  .0025 

.0035  ± .0022 

From  linear  mixed  models,  adjusted  for  age  and  clinical  site. 

'  Amenorrhea  was  defined  as  0-3  menses  over  the  past  12  months. 

*  Oligomenorrhea  was  defined  as  4-9  menses  over  the  past  12  months. 
5  p<.0001,  rate  of  change  differs  from  0. 

I  p<.05,  rate  of  change  differs  from  0. 

**p<.01,  rate  of  change  differs  from  0. 


TABLE  4.  Treatment-received  analyses:  Adjusted  annual  rates  of  change  in  whole  body 

bone  mineral  content  (BMC)  and  spine  and  hip  bone  mineral  density  (BMD)  among  women 

with  at  least  one  follow-up  DXA  measurement,  stratified  on  initial  menstrual  status.* 

Whole  body 

Spine  BMD 

Total  hip 

BMC 

(g/cm  /year  ± 

BMD 

(g/year  ± 

SE) 

(g/cm  /year  ± 

SE) 

SE) 

Oligo/amenorrheic1  (n=41) 

Used  oral  contraceptives  for  at  least  6 

26.8  ±  11.3* 

.0103  +  .0043* 

.0068  ± .0043 

months  (n=16)  vs. 

remained  oligo/amenorrheic  (n=l  1) 

Regained  periods  spontaneously 

34.9  ±  11.5* 

.0113  +  . 0043 1 

.0035  ± .0043 

(n=14)  vs. 

remained  oligo/amenorrheic  (n=l  1) 

Baseline  calcium  intake  (per  1 

10.6  +  4.9* 

.0020 +  .0018 

.0048  ±  .0017* 

standard  deviation  increase) 5 

Weight  change  (per  5  kg  increase) 

21.3  ±  8.8* 

.0126  + 

.0063  ± 

.0033  1 

** 

.0033 

Eumenorrheic  (n=83) 

Used  oral  contraceptives  for  at  least  6  5.9  ±5.6  .0027  +  .0027  .0034  ±  .0024 

months  (n=50)  vs.  did 

not  use  oral  contraceptives  for  at  least 
6  months  (n=33) 

Baseline  calcium  intake  (per  1  4.9  ±  2.1**  .0020  ±  .0027  ±  .00 1 1 5 

standard  deviation  increase) §  0.0013 

Weight  change  (per  5  kg  increase)  -3.6+  10.3  .0060  ±  .0049  .0060  ±  .0043 

*  Annual  rates  of  change  are  estimated  from  linear  mixed  models,  adjusted  for  clinical  site, 
age,  baseline  weight,  and  all  other  predictors  shown  in  the  table. 
tOligo/amenorrhea  was  defined  as  0-9  menses  in  the  year  before  baseline. 

X  p<.05,  rate  of  change  differs  from  0. 


TABLE  5  Distribution  of  stress  fractures*  by  site  and  mode  of  diagnosis. 


Site  of  fracture 

Diagnostic  test 

Number 

Tibia 

Bone  scan 

9 

Tibia 

X-ray 

1 

Foot 

X-ray 

3 

Foot 

Bone  scan 

1 

Foot 

MRI 

1 

Femur 

MRI 

2 

Pelvis 

X-ray 

1 

*Four  women  had  two  stress  fractures  during  this  study;  only  their  first  stress 


fractures  are  included  in  this  table. 


Table  6.  Effect  of  oral  contraceptives  on  stress  fracture  according  to  type  of  analysis 


Analysis 

Oral 

contraceptives 

(n=69) 

Control 

(n=81) 

Hazard  Ratio 

(95%CI)* 

Intention-to-treat  analysis 

Number  of  fractures 

6 

12 

Time  to  fracture  or  censoring  in 

months  (mean  ±  SD) 

18.1  ±  11.4 

19.4  ±11.2 

Rate  of  fracture,  per  woman-year 

5.8 

9.2 

0.57  (0.18,1.83) 

Per-nrotocol  analysis-11 

Number  of  fractures 

5 

11 

Time  to  fracture  or  censoring  in 

months  (mean  ±  SD) 

14.6  ±  11.5 

14.7  ±  11.3 

Rate  of  fracture,  per  woman-year 

6.0 

11.1 

0.40  (0.11,1.49) 

Treatment-received  analyses 

Took  oral  contraceptives  >  1  month  and  still  taking  them;;; 

0.23  (0.06,0.86)** 

Took  oral  contraceptives  >  3  months  and  still  taking  them' 

0.42  (0.11,1.57) 

*Adjusted  by  Cox  proportional  hazards  model  for  age,  clinical  site,  baseline  menstrual 
status,  baseline  spine  BMD,  and  prior  fracture.  The  Hazard  ratios  are  for  the  oral 
contraceptive  group  compared  with  the  control  group. 

'This  analysis  censors  women  who  switched  groups  at  the  time  of  switching. 

%  Time-dependent  variable  that  considers  a  woman  to  be  in  the  oral  contraceptive  group  only 
after  she  has  taken  them  for  at  least  1  month  and  has  not  stopped  taking  them. 
^Time-dependent  variable  that  considers  a  woman  to  be  in  the  oral  contraceptive  group  only 
after  she  has  taken  them  for  at  least  3  months  and  has  not  stopped  taking  them. 


Figure  Legends 


FIGURE  1 .  Flow  of  participants  through  the  trial. 

FIGURE  2.  Annualized  mean  percent  change  in  whole  body  bone  mineral  content  (BMC), 
spine  and  hip  bone  mineral  density  (BMD),  and  weight  among  oligo/amenorrheic  women 
according  to  follow-up  menstrual  status  (graph  displays  mean  ±  one  standard  error  of  the 
mean): 

•=Used  oral  contraceptives  at  least  6  months  (n=16) 

A  =Spontaneously  regained  menses  (n=14) 
x=Remained  oligo/amenorrheic  (n=ll) 

*p<.05,  different  than  women  who  remained  oligo/amenorrheic,  mixed  models 


69  Included  in  primary  analysis 


81  Included  in  primary  analysis 


FIGURE  2 


Risk  Factors  for  Stress  Fracture  among  Young  Female  Cross-Country  Runners 
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Running  title:  Stress  Fractures  in  Young  Female  Runners 


ABSTRACT 


Purpose:  To  identify  risk  factors  for  stress  fracture  among  young  female  distance 
runners.  Methods:  Participants  were  127  competitive  female  distance  runners,  aged  18- 
26,  who  provided  at  least  some  follow-up  data  in  a  randomized  trial  among  150  runners 
of  the  effects  of  oral  contraceptives  on  bone  health.  After  completing  a  baseline 
questionnaire  and  undergoing  bone  densitometry,  they  were  followed  an  average  of  1.85 
years.  Results:  Eighteen  participants  had  at  least  one  stress  fracture  during  follow-up. 
Baseline  characteristics  associated  (p<0.10)  in  multivariate  analysis  with  stress  fracture 
occurrence  were  one  or  more  previous  stress  fractures  (rate  ratio  [RR]  [95%  confidence 
interval]  =  6.42  (1.80-22.87),  lower  whole -body  bone  mineral  content  (RR  =  2.70  [1.26- 
5.88]  per  one  standard  deviation  [293.2  grams]  decrease),  younger  chronologic  age  (RR  = 
1.42  [1.05-1.92]  per  one  year  decrease),  lower  dietary  calcium  intake  (RR  =1.11  [0.98- 
1.25]  per  100  mg  decrease),  and  younger  age  at  menarche  (RR  =  1.92  [1.15-3.23]  per  one 
year  decrease).  Although  not  statistically  significant,  a  history  of  irregular  menstrual 
periods  was  also  associated  with  increased  risk  (RR  =  3.41  [0.69-16.91]).  Training- 
related  factors  did  not  affect  risk.  Conclusion:  The  results  of  this  and  other  studies 
indicate  that  risk  factors  for  stress  fracture  among  young  female  runners  include  previous 
stress  fractures,  lower  bone  mass,  and,  although  not  statistically  significant  in  this  study, 
menstrual  irregularity.  More  study  is  needed  of  the  associations  between  stress  fracture 
and  age,  calcium  intake,  and  age  at  menarche.  Given  the  importance  of  stress  fractures  to 
runners,  identifying  preventive  measures  is  of  high  priority.  Key  words:  BONE  MASS; 


EPIDEMIOLOGY;  FEMALE  ATHLETES;  LONG  DISTANCE  RUNNERS 


INTRODUCTION 


Paragraph  1.  Stress  fractures  are  common  among  young  female  competitive  athletes, 
especially  in  track  and  field  (17).  Reported  one-year  incidence  rates  in  competitive  track 
and  field  athletes  have  ranged  from  8.7%  (22)  to  21.1%  (5)  in  females  and  males 
combined,  the  variation  probably  depending  in  part  on  the  sensitivity  of  the  methods  used 
to  detect  stress  fractures.  Incidence  rates  appear  to  be  similar  in  female  and  male  track 
and  field  athletes  (5,  22).  It  is  generally  agreed  that  current  or  past  menstrual  irregularity 
is  a  risk  factor  in  female  athletes  (2,  6,  7,  9,  21,  22).  Results  from  studies  of  female  or 
female  and  male  athletes  are  contradictory  regarding  the  associations  of  stress  fractures 
with  age  (4),  lower  bone  mineral  density  or  lean  body  mass  (6,  7,  9,  22),  late  age  at 
menarche  (4,  6,  7,  9,  21),  not  using  oral  contraceptives  (4,  7,  21),  low  body  weight  (7, 
22),  disordered  eating  (6,  7,  22),  and  low  calcium  and  dairy  product  intake  (6,  7,  21). 
Individual  studies  have  reported  leg  length  discrepancy  (6),  low  dietary  fat  intake  (6),  and 
a  history  of  stress  fracture  (22)  to  be  risk  factors,  but  confirmation  in  other  investigations 
is  needed.  Many  of  these  results  are  based  on  small  numbers  of  study  subjects,  some 
have  collected  information  retrospectively,  and  most  do  not  use  multivariate  methods  of 
statistical  analysis  to  determine  which  of  these  attributes  are  independent  predictors  of 
stress  fracture.  A  recent  review  in  fact  concluded  that  data  regarding  the  epidemiology  of 
stress  fractures  in  athletes  are  “lacking,”  except  that  stress  fractures  usually  occur  among 
those  participating  in  sports  with  repetitive  weight-bearing  activity  (29).  Also,  risk  factors 
may  not  be  the  same  for  all  athletes,  so  studies  focusing  on  specific  sports  may  provide 
particularly  useful  information  for  participants  in  that  sport. 


Paragraph  2.  Studies  of  stress  fracture  in  female  or  female  and  male  military  recruits  and 
trainees  have  also  produced  somewhat  inconsistent  and  tentative  results.  Possible  risk 
factors  include  increasing  age  (19,  27),  a  small  thigh  girth  (1),  lower  aerobic  fitness  (24), 
no  or  only  a  small  amount  of  lower  extremity  weight  training  in  the  past  year  (24),  lack  of 
menstrual  cycles  in  past  year  (24),  and,  in  a  large  prospective  study  (19),  lower  bone 
mineral  density,  weight  loss,  alcohol  consumption  of  more  than  10  drinks  per  week, 
cigarette  smoking,  weight  bearing  exercise,  lower  adult  weight,  corticosteroid  use,  use  of 
depo-medroxyprogesterone  acetate,  and  lack  of  past  regular  exercise.  Two  retrospective 
studies  have  reported  no  association  between  stress  fracture  occurrence  and  bone  mineral 
density  or  bone  mineral  content  (1,  10),  and  a  few  studies  have  found  no  association  with 
menstrual  frequency  or  age  at  menarche  (1,  19),  calcium  intake  or  dairy  food 
consumption  (10,  19),  and  eating  disorders  (1).  In  addition  to  methodologic  limitations  in 
some  of  these  studies,  risk  factors  in  military  recruits  and  trainees  may  have  limited 
relevance  to  women  who  have  been  running  competitively  for  several  years. 

Paragraph  3.  In  this  paper  we  use  data  collected  during  the  course  of  a  randomized  trial 
of  the  effect  of  oral  contraceptives  on  bone  health  to  identify  other  factors  that  predict 
stress  fractures  in  young  female  long-distance  runners.  Results  of  the  randomized  trial 
are  presented  in  a  companion  paper. 


METHODS 


Paragraph  4.  Study  Population:  The  study  population  for  these  analyses  consists  of 
127  competitive  female  cross-country  runners  between  the  ages  of  18-26  years  at  baseline 
who  participated  in  a  randomized  trial  to  examine  whether  use  of  oral  contraceptives 
protects  against  loss  of  bone  mass  and  stress  fracture  occurrence.  Recruitment  took  place 
between  August  1998  and  September  2003.  One  hundred  fifty  runners  had  been  recruited 
for  the  trial  from  intercollegiate  cross-country  teams,  post-collegiate  running  clubs,  and 
road  race  participants,  of  whom  127  (85%)  provided  some  follow-up  information.  Of 
these,  57  were  collegiate  runners  and  70  post-collegiate  runners.  At  the  time  of 
recruitment,  most  lived  in  the  vicinities  of  the  sites  at  which  bone  densitometry  was 
undertaken:  Stanford  CA,  Los  Angeles  CA,  West  Haverstraw  NY,  Ann  Arbor  MI,  and 
Boston  MA.  To  be  eligible,  women  had  to  run  at  least  40  miles  per  week  during  peak 
training  times,  had  to  compete  in  races,  could  not  have  used  oral  contraceptives  or  other 
hormonal  contraceptives  within  six  months  of  entering  the  study,  and  had  to  be  willing  to 
be  randomized  and  to  have  no  contraindications  to  oral  contraceptive  use.  The  size  of  the 
study  population  was  based  on  the  number  needed  to  provide  adequate  statistical  power 
for  the  randomized  trial,  not  for  the  comparisons  presented  in  this  paper.  Details  of  the 
study  and  testing  procedures  were  explained  to  each  subject,  and  a  written,  informed 
consent  was  obtained.  The  protocol  was  approved  by  the  Institutional  Review  Boards  of 
Stanford  University,  the  University  of  California  Los  Angeles,  the  University  of 
Michigan,  the  Helen  Hayes  Hospital,  the  Massachusetts  General  Hospital,  the  U.S.  Army 
Medical  Research  and  Materiel  Command,  and  the  colleges  at  which  participants  were 


recruited. 


Paragraph  5.  Data  Collected  at  Baseline:  At  each  of  the  five  clinical  sites,  height  and 
weight  were  measured  using  standard  stadiometers  and  balance-beam  scales, 
respectively.  Body  mass  index  (BMI)  (kilograms  per  meter2)  was  calculated  from  these 
measurements.  Body  composition  (lean  body  mass  and  fat  mass)  and  bone  mineral 
content  (grams)  and  bone  mineral  density  (grams/centimeter2)  at  the  left  proximal  femur, 
spine,  and  whole  body  and  were  measured  by  dual  energy  x-ray  absorptiometry  (DXA, 
Hologic  QDR  4500A  at  4  sites,  QDR  2000W  at  one  site).  The  coefficient  of  variation  for 
measuring  the  bone  mineral  density  at  the  hip  and  spine  in  same  person  after  leaving  and 
then  returning  to  the  measuring  table  on  the  same  day  was  less  than  2%  at  each  of  the 
clinical  sites.  For  most  of  the  period  of  data  collection,  machines  were  cross-calibrated 
using  a  circulating  Hologic  anthropomorphic  spine  phantom,  and  each  site  maintained  a 
quality  assurance  program. 

Paragraph  6.  A  self-administered  baseline  questionnaire  was  used  to  obtain  information 
about  several  other  variables  of  interest.  Demographic  information  included  age  and 
race/ethnicity.  Women  were  asked  their  age  when  they  first  started  competing  for  a 
running  team  and  number  of  cross  country  seasons  in  which  they  had  competed.  They 
were  asked  to  record  the  number  of  miles  they  ran  per  week  during  each  competitive 
season  (fall  cross-country,  winter  track,  spring  track)  and  off-season  (summer)  in  the 
previous  year.  From  this  information  an  average  number  of  kilometers  run  per  week  was 
computed  for  the  past  year.  Participants  were  asked  what  percentage  of  the  distance  was 


on  pavement  or  concrete. 


Paragraph  7.  Women  were  asked  to  give  a  complete  history  of  previous  stress  fractures 
that  had  occurred  prior  to  baseline.  They  had  to  report  confirmation  by  x-ray,  bone  scan, 
or  magnetic  resonance  imaging  for  the  stress  fracture  to  be  counted  in  these  analyses. 
Eighteen  women  did  not  know  whether  they  had  experienced  a  previous  stress  fracture. 
These  women  are  assumed  not  to  have  had  a  stress  fracture  in  the  analyses  presented 
here. 

Paragraph  8.  Participants  were  asked  to  record  their  age  at  menarche  and  the  number  of 
menses  they  had  in  the  previous  12  months.  Women  were  classified  as  having  current 
menstrual  irregularity  if  they  were  oligomenorrheic  (defined  as  4-9  cycles  in  the  past 
year)  or  amenorrheic  (defined  as  fewer  than  4  cycles  in  the  past  year).  Women  were  also 
asked  whether  they  had  had  0,  1-3,  4-9,  or  10-13  menses  during  each  year  after 
menarche.  They  were  categorized  as  having  a  history  of  menstrual  irregularity  if  they 
had  ever  been  amenorrheic  or  oligomenorrheic  since  the  year  of  menarche.  Hormone 
concentrations  were  not  measured,  as  this  was  beyond  the  scope  of  the  study.  A 
complete  history  of  oral  contraceptive  use  was  obtained. 

Paragraph  9.  A  modified  version  of  the  97-item  National  Cancer  Institute  Health  Habits 
and  History  food  frequency  questionnaire  (8)  was  used  to  estimate  usual  nutrient  intake 
during  the  previous  six  months.  One  of  the  modifications  to  the  questionnaire  was  the 
inclusion  of  additional  food  items  that  were  likely  to  be  consumed  by  young  athletes  and 
that  contained  relatively  high  amounts  of  calcium.  Only  dietary  calcium  intake  is 
included  in  the  analyses  presented  in  this  paper.  Use  of  calcium  supplements  tended  to  be 


inconsistent  and  of  short  duration,  and  was  not  measured  precisely  enough  for  inclusion 
in  these  analyses.  Three  subscales  (drive  for  thinness,  bulimic  tendencies,  and  body 
dissatisfaction)  of  the  Eating  Disorder  Inventory  (EDI)  were  used  to  identify  subclinical 
eating  disorders  (3,  14,  15).  A  total  EDI  score  was  computed  by  summing  the  scores  on 
each  of  the  three  EDI  subscales.  In  the  present  study  Cronbach’s  alpha  for  the  three 
subscales  was  0.79,  indicating  that  the  scores  for  the  three  subscales  were  to  a  large 
extent  consistent  with  the  total  score. 

Paragraph  10.  Ascertainment  of  Stress  Fracture  Occurrence  during  Follow-up: 

Participants  were  asked  to  record  the  occurrence  of  a  possible  stress  fracture  on  a 
monthly  calendar  and  also  to  report  their  occurrence  to  us  immediately.  The  fracture  had 
to  be  confirmed  by  x-ray,  bone  scan,  or  magnetic  resonance  imaging  to  be  counted  in  this 
study.  All  reported  stress  fractures  were  in  fact  confirmed.  The  study  paid  for  the 
imaging  as  needed.  Participants  were  also  queried  periodically  about  the  occurrence  of 
stress  fractures  by  e-mail,  phone,  and  on  their  questionnaires.  No  additional  stress 
fractures  were  reported  as  a  result  of  these  queries.  No  physical  examinations  were 
undertaken  if  a  possible  stress  fracture  was  not  reported. 

Paragraph  11.  Other  Aspects  of  Follow-up:  Participants  were  asked  to  return  for  bone 
densitometry  and  measurement  of  body  composition,  height,  and  weight  one  year  and 
two  years  after  baseline  measurements.  At  this  time  they  were  asked  to  fill  out  a 
questionnaire  covering  most  of  the  areas  included  at  baseline,  and  every  six  months  they 
filled  out  another  food  frequency  questionnaire.  This  infonnation  is  not,  however,  used 


in  the  present  analyses.  Because  the  data  were  updated  only  at  yearly  intervals  (or  in  the 
case  of  dietary  intake  at  six  month  intervals),  it  was  generally  not  possible  to  know 
whether  any  changes  preceded  or  followed  stress  fracture  occurrence,  and  therefore  it 
was  impossible  to  differentiate  cause  from  effect. 

Paragraph  12.  In  addition,  in  this  young,  mobile,  and  preoccupied  population,  not  all 
participants  had  measurements  made  at  the  time  requested.  As  mentioned  above,  no 
follow-up  infonnation  at  all  was  available  for  23  (15%)  of  the  original  150  women  seen 
at  baseline,  and  some  were  followed  for  less  than  two  years.  Baseline  characteristics  of 
those  lost  to  follow-up  were  generally  similar  to  those  retained  in  the  cohort,  except  that 
those  lost  to  follow-up  were  more  likely  to  have  a  history  of  stress  fracture  prior  to 
baseline  (52%  vs.  32%,  p=0.05).  Among  those  who  continued  to  participate  in  the  study, 
we  set  a  four-year  limit  as  to  how  long  we  would  wait  for  them  to  report  for  their  follow¬ 
up  visits.  Only  four  runners  had  their  final  follow-up  visit  during  the  fourth  year.  Also, 
we  included  stress  fractures  that  occurred  up  to  one  month  after  the  final  follow-up  visit. 

Paragraph  13.  Statistical  Analysis:  Analyses  were  carried  out  with  the  SAS  statistical 
package,  version  8.02  (SAS  Institute,  Cary  NC).  Cox  proportional  hazards  models  were 
used  to  compute  rate  ratios  for  the  rate  of  a  first  stress  fracture  during  follow-up  among 
those  with  a  given  characteristic  divided  by  the  rate  of  a  first  stress  fracture  during 
follow-up  among  those  without  the  characteristic.  Cox  models  were  also  used  to  estimate 
rate  ratios  according  to  the  level  of  a  characteristic  and  to  compute  rate  ratios  for  one 
variable  while  controlling  for  the  effects  of  other  characteristics.  Except  for  descriptive 


information  on  the  study  population,  all  analyses  controlled  for  clinical  assessment  site 
and  group  to  which  a  participant  was  randomized.  Additional  control  on  actual  oral 
contraceptive  use  during  follow-up  did  not  materially  change  any  of  the  results.  An 
examination  of  the  degree  of  skewness  of  the  variables  indicated  that  none  needed  to  be 
transfonned. 

RESULTS 

Paragraph  14.  The  127  participants  were  followed  for  stress  fracture  occurrence  for  a 
total  of  2824  months,  or  an  average  of  1 .85  years  per  woman.  The  age  at  baseline  of  the 
127  runners  ranged  from  18  to  26  years,  with  a  mean  of  22.0  years.  Table  1  provides 
other  descriptive  statistics  on  the  cohort  at  baseline.  About  83%  were  white,  and  their 
average  body  mass  index  was  2 1 .2  kg/m“.  Almost  31%  reported  having  previously  had 
one  or  more  definite  stress  fractures,  57%  had  a  history  of  menstrual  irregularity,  and 
40%  had  previously  used  oral  contraceptives. 

Paragraph  15.  Eighteen  of  the  127  runners  had  at  least  one  stress  fracture,  for  an  average 
of  7.7  first  stress  fractures  during  the  follow-up  period  per  100  person-years  of  follow-up. 
Ten  of  the  first  stress  fractures  occurred  in  the  tibia,  six  in  the  foot,  and  two  in  the  femur. 
Four  runners  had  a  second  stress  fracture:  two  in  the  tibia,  one  in  the  foot,  and  one  in  the 


femur. 


Paragraph  16.  Various  factors  were  associated  with  elevated  rate  ratios  for  stress 
fracture  during  the  follow-up  period  (Table  2).  Women  with  a  previous  stress  fracture  had 
more  than  a  five-fold  higher  rate  of  stress  fracture  during  follow-up  than  women  without 
such  a  history.  Various  indicators  of  lower  bone  mass  were  associated  with  an  increased 
rate  of  stress  fracture.  For  instance,  for  each  standard  deviation  decrease  (293.2  grams) 
in  whole  body  bone  mineral,  the  rate  of  stress  fracture  increased  by  almost  twofold. 

Other  factors  associated  (p  <  0. 10)  with  an  increased  rate  of  stress  fracture  were  lower 
average  daily  dietary  calcium  intake  and  daily  servings  of  dairy  products,  younger  age  at 
menarche,  lower  lean  body  mass,  and  lower  weight.  Younger  age,  shorter  height,  lack  of 
previous  oral  contraceptive  use,  and  a  history  of  menstrual  irregularity  were  also 
associated  with  increased  rates  of  stress  fracture,  but  these  trends  were  not  statistically 
significant.  Little  association  was  seen  for  current  menstrual  irregularity,  percent  body 
fat,  BMI,  age  started  running  competitively,  total  competitive  seasons  run,  kilometers  run 
per  week  in  past  year,  and  total  eating  disorder  inventory  score  from  the  three  subscales. 

Paragraph  16a.  We  attempted  to  examine  whether  previous  stress  fractures  at  certain 
sites  were  particularly  strong  predictors  of  stress  fracture  during  follow-up.  Numbers 
were  small  and  confidence  intervals  very  wide,  but  for  the  most  common  sites  of 
previous  stress  fracture  the  point  estimates  of  the  rate  ratio  were  quite  similar:  previous 
foot  fracture  6.1 1  (2.1 1-17.68);  previous  tibia  fracture:  7.91  (2.77-22.59);  previous  femur 
fracture:  6.78  (1.60-28.74);  and  previous  fibula  fracture:  6.98  (0.63-77.09). 


Paragraph  1 7.  We  used  a  multivariate  Cox  model  to  identify  variables  that  predicted 
stress  fracture  independently  of  the  other  variables  under  consideration.  The  various 
indicators  of  bone  mass  at  different  skeletal  sites  were  highly  correlated  with  each  other, 
and  we  selected  whole-body  bone  mineral  content  for  our  primary  multivariate  model 
because  of  the  strength  of  its  association  with  stress  fracture,  the  multiple  skeletal  sites  at 
which  stress  fractures  can  occur,  and  the  limitations  of  using  bone  mineral  density  as  a 
measure  of  bone  mass,  particularly  when  growth  is  still  occurring  (16).  We  subsequently 
present  another  model  in  which  hip  bone  mineral  density  is  used  in  place  of  whole-body 
bone  mineral  content  because  some  readers  will  have  a  preference  for  that  measure. 

Daily  calcium  intake  and  servings  of  dairy  products  were  highly  correlated  (r  =  0.83),  and 
we  chose  dietary  calcium  intake  for  the  multivariate  model.  Lean  body  mass  was 
sufficiently  highly  correlated  with  bone  mineral  content  that  it  could  not  be  included  in 
the  same  model.  Accordingly,  age,  height,  weight,  history  of  stress  fracture,  age  at 
menarche,  history  of  menstrual  irregularity,  whole-body  bone  mineral  content,  and  daily 
calcium  in  the  diet  were  considered  for  inclusion  in  a  multivariate  model,  along  with 
certain  other  variables.  Those  significant  at  p  <  0.10,  and  also  a  history  of  menstrual 
irregularity,  for  which  the  rate  ratio  was  consistent  with  other  studies  even  though  p  > 
0.10,  were  included  in  the  model  presented  here. 

Paragraph  18.  In  the  multivariate  analysis  (Table  3),  a  history  of  stress  fracture  was  still 
a  strong  predictor  of  a  future  stress  fracture,  along  with  lower  whole-body  bone  mineral 
content,  decreasing  age,  younger  age  at  menarche,  and  lower  dietary  calcium  intake.  A 
history  of  irregular  periods  was  also  associated  with  an  increase  rate  of  stress  fracture, 


although  not  statistically  significantly  so.  Height,  weight,  BMI,  percent  body  fat,  age 
started  running  competitively,  total  competitive  seasons  run,  kilometers  run  per  week  in 
past  year,  and  total  eating  disorder  inventory  score  did  not  predict  stress  fracture 
occurrence  when  entered  into  the  multivariate  analysis. 

Paragraph  19.  When  hip  bone  mineral  density  was  substituted  for  whole-body  bone 
mineral  content  in  the  multivariate  model,  similar  results  were  obtained  (Table  4). 

DISCUSSION 


Paragraph  20.  To  our  knowledge  only  one  other  study  in  runners,  presented  in  abstract 
form  (22),  has  examined  whether  a  history  of  stress  fracture  predicts  future  stress 
fracture,  and  a  positive  association  was  found.  A  study  in  military  recruits  (24)  reported 
an  increase  in  risk  that  did  not  reach  statistical  significance.  The  rate  ratio  of  6.42  (1.80- 
22.87)  associated  with  one  or  more  previous  stress  fractures  in  the  multivariate  analysis 
here  indicates  that  particular  attention  should  be  paid  to  this  history,  as  these  individuals 
appear  to  be  at  especially  high  risk  of  additional  stress  fractures.  Our  results  also  indicate 
that  a  history  of  stress  fractures  is  a  marker  of  susceptibility  above  and  beyond  its 
association  with  bone  mineral  content  or  density  and  the  other  variables  included  in  the 
multivariate  analyses.  Runners  and  their  coaches  should  be  made  aware  of  the  high  risk 
for  additional  fractures,  should  try  to  identify  the  reason  for  the  high  risk,  and  make 
changes  so  as  to  reduce  that  risk. 


Paragraph  21.  Our  finding  that  lower  bone  mass  is  associated  with  an  increased  risk  for 
stress  fracture  is  consistent  with  other  prospective  studies  carried  out  in  competitive 
athletes  (6,  22)  and  military  recruits  (19).  Thus,  it  is  likely  that  lower  bone  mass  is 
indeed  predictive. 

Paragraph  22.  Several  previous  studies  in  competitive  athletes  and  military  recruits  have 
reported  that  current  or  past  menstrual  irregularity  is  associated  with  an  increased  risk  for 
stress  fracture  (2,  6,  7,  9,  21,  22,  24).  Our  rate  ratio  of  3.41  (0.69-16.91),  although  not 
statistically  significant,  is  consistent  with  these  other  reports.  Studies  not  finding  this 
association  had  very  small  numbers  of  amenorrheic  participants  (19)  or  had  participants 
with  only  short  periods  of  amenorrhea  (10).  Menstrual  irregularities  often  occur  in 
association  with  low  serum  estrogen  concentrations  and  are  known  to  be  related  to  low 
bone  mineral  density  and  low  serum  concentrations  of  bone  formation  markers  (12,  20, 
23,  30).  The  results  of  our  multivariate  analysis  suggest  that  a  history  of  menstrual 
irregularity  may  have  additional  adverse  effects  on  bone  health  beyond  its  associations 
with  lower  bone  mineral  content  and  density.  Efforts  should  be  made  to  identify  reasons 
for  the  menstrual  irregularities,  such  as  inadequate  diet,  and  appropriate  changes  made. 

Paragraph  23.  Low  calcium  and  dairy  product  intake  has  been  associated  with  decreased 
bone  mineral  density  in  young  adult  women  (25).  One  previous  study  in  competitive 
athletes  found  lower  calcium  and  dairy  product  intake  to  be  associated  with  an  increased 
risk  for  stress  fracture  (21).  Also,  a  report  available  in  abstract  form  (18)  from  a  recent 
randomized  trial  of  supplementation  with  2000  mg  calcium  and  800  International  Units 


(IU)  of  Vitamin  D  among  female  Navy  recruits  in  basic  training,  found  that  in  just  eight 
weeks  the  supplemented  group  had  a  27%  lower  incidence  of  stress  fracture  than  the  non- 
supplemented  group,  using  a  per  protocol  statistical  analysis.  On  the  other  hand,  another 
observational  study  in  track  and  field  athletes  (6)  and  other  observational  studies  in 
military  recruits  (10,  19)  have  not  shown  any  protective  effect.  Among  the  studies 
showing  no  effect,  the  prospective  study  of  Bennell  et  al.  (6)  reported  that  most  of  the 
track  and  field  athletes  had  high  intakes  of  dietary  calcium,  and  were  thereby  possibly 
already  receiving  whatever  protection  dietary  calcium  provides  against  stress  fracture. 

The  questionnaire  used  in  another  study  (19)  assessed  only  whether  the  recruits  had  at 
least  one  serving  of  milk,  cheese,  or  yogurt  per  day,  and  thus  did  not  attempt  to  collect 
detailed  quantitative  information  on  calcium  intake.  The  other  study  (10)  asked  soldiers 
to  recall  diet  during  adolescence,  and  errors  in  recall  would  have  been  likely.  Thus, 
uncertainty  remains  about  the  role  of  lower  calcium  intake  on  stress  fracture  occurrence. 
In  our  study  lower  dietary  calcium  and  dairy  product  intake  were  associated  with  an 
increased  risk  of  stress  fracture  independently  of  their  association  with  bone  mineral 
content  or  density.  Some  other  aspect  of  bone  strength  may  be  affected  by  calcium  intake 
as  well.  For  instance,  insufficient  dietary  calcium  would  also  be  expected  to  result  in 
inadequate  repair  of  microdamage  (21)  or  may  have  a  detrimental  effect  on  some  aspect 
of  bone  geometry,  such  as  cortical  thickness  (26),  and  thereby  increase  the  risk  for  stress 
fractures. 


Paragraph  23a.  Increasing  calcium  intake  in  those  consuming  inadequate  amounts  would 
be  a  relatively  easy  preventive  measure  to  implement,  so  detennining  its  importance  with 


more  certainty  is  of  high  priority.  More  research  should  be  undertaken  to  determine  the 
optimal  level  of  calcium  intake  of  distance  runners  and  of  athletes  in  general.  The 
protection  indicated  by  the  randomized  trial  of  2000  mg  per  day  of  calcium  with  800  IU 
per  day  of  Vitamin  D  in  Navy  recruits  (18)  might  indicate  that  among  highly  active 
young  women  such  as  military  recruits  and  competitive  distance  runners,  higher  levels  of 
calcium  intake  are  needed  than  the  recommended  dietary  allowance  of  1300  mg/day  for 
those  of  ages  9-18  years  and  1000  mg/day  for  those  of  age  19  years  and  older  in  the 
general  population. 

Paragraph  24.  Whether  increasing  age  is  associated  with  a  greater  risk,  a  reduced  risk,  or 
no  change  in  risk  for  stress  fracture  has  been  controversial  (4).  Across  the  age  range  of 
18-26  years  considered  in  this  study,  it  would  be  expected  that  younger  runners  would 
have  higher  stress  fracture  rates  because  bone  mass  is  still  gained  through  the  third 
decade  of  life  (25).  It  should  also  be  noted  that  the  decreasing  stress  fracture  rate  with 
increasing  age  in  the  present  study  was  seen  only  in  the  multivariate  analysis  when  we 
accounted  for  a  history  of  stress  fracture. 

Paragraph  25.  Other  studies  of  athletes  in  this  age  group  (4,  6,  7,  9,  21)  have  found  either 
a  positive  association  between  age  at  menarche  and  stress  fracture  risk  or  no  association. 
In  contrast,  we  found  that  younger  age  at  menarche  was  associated  with  a  higher  rate  of 
stress  fracture.  Most  studies,  but  by  no  means  all  (reviewed  in  4,  13),  have  found  that  age 
at  menarche  is  inversely  correlated  with  bone  mineral  density  and  bone  mineral  content, 
but  in  the  present  study  we  found  that  age  at  menarche  had  only  a  slight  inverse 


correlation  with  whole-body  bone  mineral  density  (r=-0.13,  p=0.12),  but  no  correlation 
with  whole-body  bone  mineral  content  (r=0.03,  p=0.76).  If  later  age  at  menarche  results 
in  later  maturation  and  consolidation  of  bone,  one  would  expect  higher  rates  of  stress 
fracture  with  later  age  at  menarche,  as  reported  by  others.  It  is  possible  that  some  other 
aspect  of  bone  strength  associated  with  late  age  at  menarche  is  playing  a  role  in  the 
decreased  risk  found  in  our  study.  Among  the  determinants  of  bone  strength  are  bone 
size,  cortical  thickness  and  porosity,  the  number  of  trabeculae,  trabecular  thickness  and 
connectedness,  tissue  mineral  content,  the  presence  of  microfractures,  and  the  direction 
and  extent  of  cross-linking  of  collagen  (28).  Further  studies  are  needed  before  any 
definitive  conclusions  are  reached. 

Paragraph  26.  Although  we  previously  reported  an  association  at  baseline  between 
disordered  eating  and  low  bone  mineral  density  among  eumenorrheic  runners  (1 1),  no 
association  between  disordered  eating  and  subsequent  stress  fracture  occurrence  was  seen 
in  these  analyses.  Numbers  of  stress  fractures,  however,  were  too  small  to  consider  the 
rates  of  stress  fracture  by  menstrual  status  and  eating  disorder  status  simultaneously. 

Paragraph  27.  Finally,  we  did  not  find  training-related  factors  to  be  important,  including 
age  started  running  competitively,  total  competitive  seasons  run,  miles  run  per  week  in 
past  year,  and  miles  run  on  concrete  or  pavement.  The  number  of  stress  fractures  was  too 
small  to  enable  us  to  examine  these  factors  in  detail,  but  the  results  of  the  present  study 
are  consistent  with  those  reported  by  others  (6,  21).  Although  it  does  not  appear  that 
training-related  factors  are  important  in  the  etiology  of  stress  fracture  at  least  among 


athletes  who  have  been  participating  in  their  sport  for  several  years,  more  study  with 
larger  numbers  of  stress  fractures  and  with  more  variation  in  length  and  type  of  training  is 
needed  before  definitive  conclusions  are  reached. 

Paragraph  28.  Our  prospective  study  had  the  advantage  of  collecting  information  on 
possible  risk  factors  before  the  occurrence  of  the  stress  fractures,  thus  eliminating  the 
possibility  of  biased  recall  once  a  stress  fracture  has  occurred.  In  addition,  all 
participants  were  from  one  sport,  cross-country  running,  thus  eliminating  sport  as  a 
potential  source  of  variation.  On  the  other  hand,  our  study  population  was  of  modest 
size,  and  the  number  of  stress  fractures  was  only  18.  Accordingly,  we  could  not  identity 
small  increases  or  decreases  in  risk.  Because  of  limited  resources,  physical  examinations 
were  not  conducted  on  those  who  did  not  report  possible  stress  fractures,  and 
measurements  of  serum  hormone  concentrations  were  not  made  on  any  participants. 

Also,  despite  our  best  efforts,  we  had  no  follow-up  information  on  15%  of  the  original 
participants.  We  found  this  age  group,  with  its  high  degree  of  mobility  and  changing 
interests  over  time,  to  be  particularly  challenging  to  retain  in  a  longitudinal  study. 

Because  the  major  objective  was  to  conduct  a  randomized  trial  of  the  effect  of  oral 
contraceptives,  we  did  not  collect  information  on  a  wide  spectrum  of  possible  risk 
factors.  In  addition,  it  should  be  emphasized  that  we  did  focus  on  only  one  sport.  None 
of  the  risk  factors  identified  is  specific  to  cross-country  track,  and  evaluating  these  risk 
factors  in  athletes  in  other  sports  could  give  wider  applicability  to  our  findings. 


Paragraph  29.  In  conclusion,  the  results  of  our  study  and  those  of  others  indicate  that 
young  female  runners  with  previous  stress  fractures,  lower  bone  mass,  and  a  history  of 
irregular  menstrual  periods  are  at  high  risk  for  stress  fracture  and  should  be  carefully 
monitored.  Although  the  evidence  is  not  definitive,  high  calcium  intake  should  be 
encouraged.  The  relation  between  age  at  menarche  and  risk  for  stress  fracture  is  unclear, 
and  needs  further  study. 
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TABLE  1 .  Mean  ±  one  standard  deviation  or  percentage  with  selected  characteristic  at 
baseline 


Characteristic 

Mean  ±  1  Standard  Deviation  or 

Percentage 

Age  (years) 

22.0  ±2.6 

Height  (cm) 

165,9  ±6.1 

Weight  (kg) 

58.3  ±6.7 

Body  mass  index  (kg/nr) 

21.2  ±  1.9 

Percent  body  fat 

23.0  ±5.3% 

Race/ethnicity 


White 

83.5% 

Hispanic 

3.9% 

Asian/Pacific  Islander 

8.7% 

Black 

0.8% 

Other 

3.1% 

Age  started  running  competitively  (years) 

14.2  ±3.5 

Total  number  seasons  run  competitively 

1 1.9  ±  6.8 

Average  distance  run  per  week,  past  year  (km) 

55.5  ±  18.0 

Percent  of  distance  on  pavement  or  concrete 

65.6  ±22.1% 

History  of  one  or  more  stress  fractures 
Age  at  menarche  (years) 

History  of  menstrual  irregularity* 
Menstrual  irregularity  (past  year)f 
Ever  used  oral  contraceptives 
Total  eating  disorder  inventory  scorej 
Whole-body  bone  mineral  content  (g) 
Bone  mineral  density  (g/cm") 

Hip 

Spine 

Whole  body 

Daily  dietary  calcium  intake  (mg) 


30.7% 

13.1  ±  1.5 
57.1% 
33.1% 
39.7% 

11.8  ±  12.4 
2169.3  ±293.2 

0.986  ±0.116 
0.988  ±0.108 
1.111  ±0.084 
1357.5  ±681.4 


*  <  9  menstrual  periods  in  any  year,  excluding  the  year  of  menarche. 
f  <  9  menstrual  periods  in  the  year  before  baseline. 

%  Total  eating  disorder  inventory  score,  which  can  range  from  0-69,  is  the  sum  of  the 
scores  from  three  subscales.  See  Gamer  and  Olmstead  (14). 


TABLE  2.  Adjusted*  rate  ratios  (and  95%  confidence  interval)  for  associations  between 
selected  characteristics  and  stress  fracture 


Characteristic 


Rate  Ratio  (95%  Cl) 


Age  (per  year  younger) 

Height  (per  cm  shorter) 

Weight  (per  kg  decrease) 

Body  mass  index  (per  kg/m  decrease) 

Percent  body  fat  (per  5  %  increase) 

Lean  body  mass  (per  kg  decrease) 

Age  started  running  competitively  (per  year  younger) 
Total  number  competitive  seasons  (per  season) 
Average  distance  run  per  week,  past  year  (per  10  km 
increase) 

Percent  distance  on  pavement  or  concrete  (per  5% 
decrease) 

History  of  one  or  more  stress  fractures  (yes/no) 
Number  of  previous  stress  fractures  (per  each  previous 
fracture) 

Age  at  menarche  (per  year  younger) 

History  of  menstrual  irregularity!  (yes/no) 


.12 

(0.89, 

1.41) 

.04 

(0.96, 

1.12) 

OO 

O 

(0.99, 

1.16) 

.20 

(0.90, 

1.61) 

.16 

(0.71, 

1.89) 

.14 

(i.oi, 

1.28) 

.01 

(0.93, 

1.10) 

.01 

(0.93, 

1.10) 

OO 

O 

(0.81, 

1.45) 

1.05  (0.94,  1.18) 

5.24(1.88,  14.49) 
1.59(1.15,2.19) 

1.37(0.97,  1.92) 
1.90  (0.66,5.51) 


Menstrual  irregularity  in  past  ycari  (yes/no) 

1.05 

(0.38, 

2.89) 

Never  used  oral  contraceptives  (yes/no) 

2.22 

(0.65, 

7.69) 

Total  eating  disorder  inventory  score§  (per  5  units) 

1.03 

(0.86, 

1.24) 

Whole-body  bone  mineral  content  (per  standard  deviation 

1.79 

(1-02, 

3.13) 

decrease,  where  1  standard  deviation  =  293.2  g) 

Hip  bone  mineral  content  (per  standard  deviation  decrease, 

1.69 

(0.95, 

2.94) 

where  1  standard  deviation  =  5.78  g) 

Spine  bone  mineral  density  (per  standard  deviation 

1.89 

(1.04, 

3.45) 

decrease,  where  1  standard  deviation  =  0.1 1  g/cm  ) 

Hip  bone  mineral  density  (per  standard  deviation  decrease, 

1.45 

(0.81, 

2.56) 

where  1  standard  deviation  =  0.12  g/cm") 

Whole  body  skeletal  area  (per  standard  deviation  decrease, 

1.89 

(1.06. 

3.33) 

where  1  standard  deviation  =  166.8  cm") 

Daily  dietary  calcium  intake  (per  100  mg  decrease) 

1.08 

(0.99, 

1.18) 

Daily  servings  of  dairy  products  (per  one  serving  decrease) 

1.41 

(1.01, 

1.96) 

*Adjusted  by  Cox  proportional  hazards  model  for  clinical  site  and  treatment  group 
assignment. 

|  <  9  menstrual  periods  in  any  year,  excluding  the  year  of  menarche. 

%  <  9  menstrual  periods  in  the  year  before  baseline. 

§  Total  eating  disorder  inventory  score,  which  can  range  from  0-69,  is  the  sum  of  the 
scores  from  three  subscales.  See  Gamer  and  Olmstead  (14). 


TABLE  3.  Multivariate  adjusted*  rate  ratios  (and  95%  confidence  intervals)  for 
associations  between  selected  characteristics  and  stress  fracture,  whole  body  bone 
mineral  content  used  as  measure  of  bone  mass 


Characteristic 

Rate  Ratio  (95%  Cl) 

Age  (per  year  younger) 

1.42  (1.05,  1.92) 

History  of  one  or  more  stress  fractures  (yes/no) 

6.42  (1.80,  22.87) 

Whole-body  bone  mineral  content  (per  standard  deviation 

decrease,  where  1  standard  deviation  =  293.2  g) 

2.70  (1.26,5.88) 

Daily  dietary  calcium  intake  (per  100  mg  decrease) 

1.11  (0.98,  1.25) 

Age  at  menarche  (per  year  younger) 

1.92  (1.15,3.23) 

History  of  menstrual  irregularity!  (yes/no) 

3.41  (0.69,  16.91) 

*Adjusted  by  Cox  proportional  hazards  model  for  clinical  site,  treatment  group 
assignment,  and  all  the  other  variables  in  the  table, 
t  <  9  menstrual  periods  in  any  year,  excluding  the  year  of  menarche. 


TABLE  4.  Multivariate  adjusted*  rate  ratios  (and  95%  confidence  intervals)  for 
associations  between  selected  characteristics  and  stress  fracture,  hip  bone  mineral 
density  used  as  measure  of  bone  mass 


Characteristic 

Rate  Ratio  (95%  Cl) 

Age  (per  year  younger) 

1.42(1.03,  1.95) 

History  of  one  or  more  stress  fractures  (yes/no) 

6.71  (1.93,23.35) 

Hip  bone  mineral  density  (per  standard  deviation  decrease, 

where  1  standard  deviation  =  0.12  g/cnr) 

2.16(1.04,4.48) 

Daily  dietary  calcium  intake  (per  100  mg  decrease) 

1.09  (0.97,  1.23) 

Age  at  menarche  (per  year  decrease) 

1.61  (1.04,2.49) 

History  of  menstrual  irregularity!  (yes/no) 

3.10(0.70,  13.74) 

*Adjusted  by  Cox  proportional  hazards  model  for  clinical  site,  treatment  group 
assignment,  and  all  the  other  variables  in  the  table, 
f  <  9  menstrual  periods  in  any  year,  excluding  the  year  of  menarche. 


The  Effect  of  Oral  Contraceptives  on  Body  Weight  and  Body  Composition  in  Young 
Female  Runners,  Elizabeth  Procter-Gray,. .  .et  al. 


ABSTRACT 


Purpose:  To  determine  the  effect  of  oral  contraceptives  (OCs)  on  body  weight,  fat  mass, 
percent  body  fat,  and  lean  mass  in  young  female  distance  runners.  Methods:  The  study 
population  consisted  of  150  female  competitive  distance  runners  aged  18-26  years  who 
had  participated  in  a  randomized  trial  of  the  effect  of  oral  contraceptives  (30  pg  ethinyl 
estradiol  and  0.3  mg  norgestrel)  on  bone  health  for  an  intended  two  years.  As  part  of  this 
trial,  weight  and  body  composition  were  measured  approximately  yearly  by  balance- 
beam  scales  and  dual  energy  x-ray  absorptiometry,  respectively.  Results:  Women 
assigned  to  OCs  gained  slightly  less  weight  than  control  women  (adjusted  mean 
difference  (AMD)  =  -0.54  +  0.3 1  kg/year,  p=0.09)  and  tended  to  gain  less  fat  (AMD  = 
-349.1  +  250.0  g/year,  p=0.16),  regardless  of  baseline  menstrual  status.  OC  assignment 
was  associated  with  a  significant  gain  in  lean  mass  relative  to  controls  among 
eumenorrheic  women  (AMD  =  77 1.8+  172.3  g/year,  p<0.0001),  but  not  among  women 
with  fewer  than  10  menstrual  cycles  in  the  year  prior  to  baseline  (AMD  =  16.2  +  346.7 
g/year,  p=0. 96).  Treatment-received  analyses  yielded  similar  results.  Conclusion:  The 
results  of  this  randomized  trial  confirm  previous  findings  that  OCs  do  not  cause  weight  or 
fat  gain,  at  least  among  young  female  runners.  Further  study  is  needed  to  evaluate  our 
finding  that  OC  use  is  associated  with  lean  mass  gain  in  eumenorrheic,  but  not  in 
amenorrheic  and  oligomenorrheic,  runners.  Key  words:  RANDOMIZED  TRIAL; 


WEIGHT;  FAT;  LEAN  MASS;  LONG  DISTANCE  RUNNERS 


INTRODUCTION 


Since  the  U.S.  Food  and  Drug  Administration  (FDA)  approval  of  the 
contraceptive  pill  in  1960,  its  popularity  among  women  has  attested  to  its  general 
effectiveness  and  tolerability.  According  to  Centers  for  Disease  Control  and  Prevention, 
11.6  million  women  used  oral  contraceptives  (OCs)  in  the  United  States  in  2002,  making 
it  the  most  common  method  of  birth  control. 1  However,  questions  remain  among 
scientists,  health  care  providers,  and  users  regarding  possible  side  effects. 

Especially  among  young  women,  fear  of  weight  gain  (or  body  fat  gain)  has  been 
cited  as  a  primary  reason  for  avoiding  oral  contraceptive  use.2’3,4,5’6  Many  studies  have 
investigated  the  oral  contraceptive-weight  gain  connection,  and  results  have  varied  from  a 
positive  OC-weight  gain  association  1' 8  to  no  association.9’ 10'  11121314  jn  a  review  of  42 
randomized  controlled  trials,  Gallo  et  al.15  concluded  that  the  evidence  is  insufficient  to 
rule  out  an  association,  but  no  large  effect  is  evident,  and  no  dose-response  relationship  is 
observed  between  estrogen  use  and  weight  gain.  Gallo  et  al.  described  several 
mechanisms  that  have  been  hypothesized  to  account  for  weight  gain  with  OCs,  including 
fluid  retention,  increased  subcutaneous  fat,  and  anabolic  or  psychological  effects  on 
appetite.  Further  investigation  of  this  matter  is  warranted,  as  it  may  affect  the  decision¬ 
making  of  teenagers  and  young  women  in  need  of  a  reliable  fonn  of  birth  control.  Also, 
any  association  between  OCs  and  body  composition  may  be  of  special  interest  among  the 
population  of  female  runners,  as  it  may  affect  their  running  performance. 

This  paper  investigates  the  changes  in  weight  and  body  composition  in  female 
competitive  runners  who  were  recruited  for  a  randomized  trial  designed  primarily  to 


assess  the  effect  of  oral  contraceptives  on  bone  mineral  density  and  stress  fracture 
incidence. 


METHODS 

Participants  and  recruitment 

Details  of  the  study  methodology  have  been  described  by  Cobb  et  al. 16  One 
hundred  fifty  competitive  female  runners  were  recruited  between  August  1998  and 
September  2003  from  inter-collegiate  cross  country  teams,  post-collegiate  running  clubs, 
and  road  races  mainly  in  the  geographic  areas  of  Palo  Alto,  CA,  Los  Angeles,  CA,  Ann 
Arbor,  MI,  West  Haverstraw,  NY,  and  Boston,  MA.  To  be  eligible,  women  had  to  be  18- 
26  years  old,  run  at  least  40  miles/week  during  peak  training  times,  and  compete  in 
running  races.  Exclusion  criteria  included  medical  contraindications  to  OC  use, 
unwillingness  to  be  randomized  to  OC  use  or  non-use,  and  any  use  of  OCs  or  other 
hormonal  contraception  within  the  past  six  months.  All  women  were  required  to  visit  a 
study  physician  or  student  health  service  staff  member  prior  to  enrollment  to  rule  out 
contraindications  to  OC  use.  Written  informed  consent  was  obtained  from  each  subject 
after  she  received  a  detailed  explanation  of  the  study  procedures.  The  protocol  was 
approved  by  the  Institutional  Review  Boards  of  the  U.S.  Army  Medical  Research  and 
Materiel  Command,  the  colleges  from  which  participants  were  recruited,  and  the  clinical 
sites:  Stanford  University,  the  University  of  California  Los  Angeles,  the  University  of 
Michigan,  the  Helen  Hayes  Hospital,  and  the  Massachusetts  General  Hospital. 


Randomization  and  intervention 


Eligible  women  were  randomly  assigned  to  receive  OCs  or  no  intervention  for 
an  intended  2  years,  stratified  according  to  clinical  site.  An  independent  investigator  who 
was  not  otherwise  affiliated  with  the  study  perfonned  the  randomization  using  a  random 
number  table.  The  OC  pill  assigned  in  this  study  was  Lo/Ovral  (Wyeth  Ayerst,  28-day 
pack),  which  contains  30  pg  ethinyl  estradiol  and  0.3  mg  norgestrel.  For  ethical  reasons, 
neither  the  athletes  nor  prescribing  physicians  were  blinded  to  treatment  assignment,  and 
no  placebo  was  used. 

Data  collection  and  follow-up 

At  baseline,  participants  visited  one  of  the  clinical  sites  for  measurement  of 
bone  mineral  density,  body  composition,  height,  and  weight.  Height  and  weight  were 
measured  using  standard  stadiometers  and  balance-beam  scales,  respectively.  Body 
composition  (fat  mass,  percent  body  fat,  and  lean  mass)  was  measured  by  dual  energy  x- 
ray  absorptiometry  (DXA;  QDR  4500A,  Hologic).  All  women  were  asked  to  refrain 
from  heavy  physical  activity  24  hours  prior  to  measurement  in  order  to  minimize 
fluctuations  in  hydration  level. 

Participants  also  filled  out  questionnaires  on  menstrual  history,  previous  use  of 
OCs,  injury  and  stress  fracture  history,  training  regimen,  diet,  eating  attitudes,  and  eating 
behaviors,  as  previously  described. 17  Women  were  classified  as  amenorrheic, 
oligomenorrheic,  or  eumenorrheic  based  on  the  number  of  menses  they  reported  having 
in  the  previous  12  months.  Amenorrhea  was  defined  as  0-3  cycles  in  the  past  year; 
oligomenorrhea  as  4-9  cycles  in  the  past  year;  and  eumenorrhea  as  10  or  more  cycles  in 


the  past  year.  Participants  were  asked  to  return  one  year  and  two  years  later  to  repeat 
these  measurements  and  questionnaires. 

Of  the  150  women  randomized,  124  (83%)  attended  at  least  one  follow-up 
appointment  and  96  (64%)  participants  attended  both,  at  an  average  of  14.4  months 
(median:  13.1  months)  and  26.6  months  (median:  25.4  months),  respectively,  after 
baseline.  Baseline  characteristics  of  the  participants  with  no  follow-up  data  were  similar 
to  those  with  follow-up  data,  except  that  those  with  no  follow-up  were  more  likely  to 
have  a  history  of  stress  fracture  prior  to  baseline  (52%  vs.  32%,  p=0.05).  Between  clinic 
visits,  participants  filled  out  a  monthly  calendar  on  which  they  recorded  menstrual 
bleeding  and  the  use  of  OC  pills. 

Ascertainment  of  compliance 

Women  in  the  treatment  group  were  asked  to  report  if  and  when  they 
discontinued  taking  the  study  medication.  Treatment  compliance  was  also  monitored 
through  return  of  used  pill  packs,  monthly  calendars,  and  yearly  questionnaires.  If  a 
woman  reported  having  discontinued  treatment,  she  was  contacted  by  a  research  assistant 
to  determine  if  and  when  OCs  were  discontinued  and  the  reason  why.  Similarly,  women 
in  the  control  group  were  asked  to  contact  us  if  they  were  planning  to  start  an  OC.  If  so, 
they  were  encouraged  to  take  the  study  pill  (Lo/Ovral)  or  a  pill  with  a  similar  dose  of 
estrogen.  Compliance  was  also  monitored  on  monthly  calendars  and  yearly 
questionnaires.  If  a  woman  reported  having  started  OCs,  she  was  contacted  by  a  research 
assistant  to  obtain  the  date  of  starting  OCs,  as  well  as  the  fonnulation  and  the  reason  for 
starting  them. 


Statistical  design  and  analysis 

The  study  was  powered  to  detect  differences  in  bone  mineral  density  and  stress 
fracture  occurrence  between  the  OC  group  and  control  group,  as  these  were  the  outcomes 
of  the  primary  study,  rather  than  to  detect  differences  in  rates  of  change  in  weight  or  body 
composition.  Statistical  analyses  were  performed  using  the  SAS  statistical  package, 
version  8.2  (SAS  Institute,  Cary,  NC,  U.S.A.).  For  preliminary  descriptive  analyses, 
means  were  compared  between  groups  using  t-tests  for  normally  distributed  variables  and 
Wilcoxon  sum-rank  tests  for  non-normally  distributed  variables.  Proportions  were 
compared  using  chi-square  tests  or  Fisher’s  exact  test,  in  the  case  of  small  numbers  in 
cells. 

The  intention-to-treat  method  was  used  for  the  primary  analyses  described  here. 
The  primary  outcomes  examined  were  rates  of  change  in  (1)  weight,  (2)  body  mass  index 
(BMI),  (3)  fat  mass,  (4)  body  fat  as  percentage  of  total  mass,  and  (5)  lean  mass.  Linear 
mixed-effects  models  were  used  to  evaluate  the  effect  of  OC  assignment  on  each 
outcome.  Results  for  BMI  change  were  identical  to  results  for  weight  change,  since  the 
women’s  heights  were  constant.  BMI  is  not  discussed  further.  Multiple  regression 
models  for  within-woman  rate  of  change  (last  measurement  minus  baseline  divided  by 
follow-up  time)  were  used  to  confirm  the  mixed-model  results,  and  a  sensitivity  analysis 
was  performed  to  compare  various  ways  of  handling  missing  data. 18  In  this  analysis  the 
linear  regression  models  were  run  using  data  from  (1)  only  those  subjects  who  attended 
the  second  follow-up  exam  (“completers  only”),  (2)  subjects  who  had  at  least  one  follow¬ 
up  exam,  (3)  all  women  enrolled  in  the  study,  with  last  body  composition  measurements 


carried  forward,  (4)  all  women  enrolled,  with  the  mean  change  imputed  for  those  missing 
the  second  follow-up,  and  (5)  all  women  enrolled,  with  first  observation  carried  forward 
for  those  missing  the  second  follow-up.  All  variations  of  the  analysis  produced  results 
similar  in  magnitude  and  statistical  significance  to  the  results  reported  here,  and  they  are 
therefore  not  presented. 

To  reflect  study  design,  clinical  site  was  included  as  a  covariate  in  all  models. 
Additionally,  variables  that  differed  (p<0.10)  between  the  OC  and  control  groups  in 
baseline  comparisons,  along  with  menstrual  status  at  baseline  and  eating  disorder 
inventory  score19  as  a  priori  variables  of  interest,  were  tested  for  an  interaction  effect  or 
confounding  effect  (>15%  change  in  parameter)  on  the  association  of  interest,  and,  if 
present,  included  in  the  model.  Because  of  the  small  number  of  women  in  the 
amenorrheic  category,  we  combined  amenorrheic  and  oligomenorrheic  women  into  one 
category,  “irregular”  (0-9  menses  in  the  past  year)  and  contrasted  them  with 
eumenorrheic  women,  termed  “regular”  (10  or  more  menses  in  past  year). 

Secondary,  treatment-received  analyses  evaluated  the  effect  of  the  actual 
proportion  of  follow-up  time  that  the  women  took  oral  contraceptives  (regardless  of 
treatment  assignment)  on  weight  and  body  composition.  Each  woman  was  assigned  a 
proportion  score  ranging  from  0  to  1,  with  1  representing  the  use  of  OCs  for  100%  of  the 
follow-up  period,  0.5  representing  50%,  and  so  forth.  We  perfonned  other  treatment- 
received  analyses,  classifying  women  into  the  OC  group  if  they  used  OCs  for  (1)  three 
months  or  more,  and  (2)  six  months  or  more.  Linear  mixed-effects  models,  with  the  same 
covariates  and  stratification  used  as  in  the  intention-to-treat  analyses,  were  used  to 
evaluate  the  differences  between  outcomes  for  OC  users  and  non-users.  Findings  from 


these  analyses  are  presented  in  the  Results  section  following  the  intention-to-treat 
analysis.  We  compared  >6-month  OC  users  vs.  <6-month  users  in  baseline  and  follow-up 
characteristics  in  order  to  identify  any  potential  confounders  in  the  treatment-received 
analysis. 

RESULTS 
Primary  analysis 

Baseline  characteristics 

At  baseline,  the  mean  age  for  all  150  women  was  22. 1  years,  mean  height  was 
165.6  cm,  and  weight  was  58.2  kg,  with  a  mean  BMI  of  2 1 . 1  kg-nf  .  Mean  caloric  intake 
was  2278  kcal/day.  The  women  ran  for  an  average  of  56.0  km/week,  and  lifted  weights 
66.5  minutes/week.  Fifty  participants  (33%)  reported  irregular  menses  in  the  past  year. 

Upon  randomization,  69  women  (46%)  were  assigned  to  the  OC  group  and  8 1 
(54%)  to  the  control  group  (discrepancy  due  to  chance).  The  two  groups  were  very 
similar  at  baseline  in  the  four  measurements  of  interest  to  this  analysis:  weight,  fat  mass, 
percent  fat,  and  lean  mass.  The  women  were  also  well-matched  in  mean  age,  height, 
caloric  intake,  total  number  of  previous  menstrual  periods,  and  several  other 
physiological  and  behavioral  characteristics  (Table  1).  However,  women  assigned  to 
OCs  had  dieted  more  frequently  and  tended  to  score  higher  on  the  eating  disorder 
inventory  than  control  women. 

Retention  and  adherence 

Twenty-six  women  (17%)  withdrew  from  the  study  or  provided  no  further  body 
composition  data  after  baseline  (Figure  1).  This  left  124  women  (54  (78%)  of  the  OC 


group  and  70  (86%)  of  the  control  group)  with  at  least  one  follow-up  visit  for  the  weight 
analysis.  Lean  mass,  fat  mass,  and  percent  fat  were  not  obtained  from  one  additional 
control  woman. 

Within  the  treatment  group,  14  (26%)  stopped  taking  OCs  after  an  average  of  5.4 
months,  and  28  (40%)  of  the  control  group  started  taking  them  at  an  average  of  1 1 .3 
months  into  the  study.  Four  women  in  the  control  group  and  one  woman  in  the  treatment 
group  switched  groups  twice.  The  reasons  women  gave  for  stopping  OCs  included  (in 
decreasing  order  of  frequency):  fear  of  weight  gain  or  perceived  weight  gain,  side  effects 
(irritability,  abdominal  symptoms,  nausea,  fatigue,  or  unspecified),  and  fear  of  detriment 
to  athletic  performance.  The  reasons  control  women  gave  for  starting  OCs  included  (in 
decreasing  order  of  frequency):  to  regulate  periods,  to  alleviate  menstrual  symptoms  and 
cramps,  to  prevent  pregnancy,  to  treat  acne,  and  to  treat  allergies. 

Women  who  stopped  taking  OCs  had  a  lower  percentage  of  body  fat,  fewer 
menstrual  periods,  and  more  disordered  eating  than  those  who  continued  to  follow  the 
OC  protocol.  Amenorrheic  women  were  the  least  likely  to  comply  with  taking  OCs.  Of 
eight  amenorrheic  women  who  were  assigned  to  OCs,  only  one  took  them  through  the 
entire  study.  Of  the  remaining  seven,  two  were  lost  to  follow-up,  five  discontinued  OCs 
within  two  months,  and  one  discontinued  OCs  after  1 .5  years. 

Body  composition  changes  by  treatment  randomization  (intention-to-treat  analysis) 

(1)  Change  in  weight.  The  weight  of  women  assigned  to  OCs  did  not  increase 
relative  to  controls.  In  fact,  controlling  for  clinical  site,  baseline  menstrual  status,  and 
baseline  dieting  frequency  in  linear  mixed  models  analysis,  assignment  to  OCs  was 
associated  with  a  trend  toward  lower  weight  gain  (p=0.09.  Table  2).  Trends  were  similar 


regardless  of  baseline  menstrual  status,  eating  disorder  inventory  score  and  baseline 
weight. 

Four  women  gained  or  lost  over  10  kg  during  the  course  of  the  study.  Removal  of 
these  women  from  the  analysis  resulted  in  a  greater  weight  gain  among  controls  relative 
to  the  OC  group  and  thus  only  strengthens  the  observation  that  OC  assignment  did  not 
contribute  to  weight  gain. 

(2)  Change  in  fat  mass  and  body  fat  percentage.  Women  assigned  to  OCs  did  not 
show  an  increase  in  fat  mass  or  in  percent  body  fat  relative  to  controls.  Mixed  effects 
models  controlling  for  clinical  site  and  baseline  menstrual  status  showed  a  trend  toward 
relative  fat  loss  associated  with  OC  assignment  (p=0. 16,  Table  2).  Results  were  similar 
when  the  analysis  was  stratified  by  baseline  menstrual  category  or  eating  disorder  score. 
For  percentage  body  fat,  there  was  again  a  trend  toward  relative  fat  loss  in  those  assigned 
to  OCs  relative  to  controls  (p=0.08,  Table  2). 

(3)  Change  in  lean  mass.  The  OC-lean  mass  association  differed  according  to 
baseline  menstrual  status.  Assignment  to  OCs  was  associated  with  significantly  greater 
lean  mass  gain  relative  to  controls  among  women  with  regular  menses  (p<0.0001,  Table 
2),  but  there  was  no  association  among  those  with  irregular  menses  (p=.0 1  for  the  effect 
modification  by  menstrual  regularity).  Eumenorrheic  women  assigned  to  OCs  had  an 
adjusted  mean  gain  of  675.5+  154.3  g/year  while  controls  showed  little  change  in  lean 
mass  (-96.3+  137.5  g/year).  Women  who  had  irregular  menstrual  cycles  at  baseline 
gained,  on  average,  moderate  amounts  of  lean  mass  regardless  of  treatment  assignment. 
Omission  of  the  four  most  extreme  values  for  lean  mass  change  did  not  affect  the  above 


results. 


To  preserve  the  benefits  of  random  assignment,  characteristics  that  differed 
between  the  two  groups  after  randomization  were  not  included  as  covariates  in  the 
primary  intention-to-treat  analyses.  However,  women  assigned  to  OCs  differed  from 
controls  by  the  second  follow-up  visit  in  three  respects:  a  higher  percentage  of  fat  in  the 
diet,  more  frequent  weight  lifting,  and  fewer  kilometers  run  per  week  than  control  women 
(data  not  shown).  When  the  measure  of  weight  lifting  was  added  to  the  mixed  effects 
models  above,  the  adjusted  mean  difference  for  eumenorrheic  women  fell  by  15%,  but 
the  OC-lean  mass  association  remained  positive  and  statistically  significant  (p=0.0004), 
Addition  of  other  follow-up  variables  did  not  change  the  magnitude  or  significance  of 
the  outcome. 

Secondary  analysis 

Actual  use  of  oral  contraceptives 

Among  the  124  women  with  follow-up,  75  took  OCs  for  three  months  or  more, 
and  59  used  them  for  six  months  or  more,  ignoring  treatment  assignment 

Baseline  and  follow-up  characteristics 

Women  who  used  OCs  for  six  months  or  more  differed  from  those  who  did  not  in 
a  few  baseline  characteristics  (data  not  shown).  Those  who  had  used  OCs  for  at  least  six 
months  had  lower  mean  bone  mineral  content.  They  less  frequently  reported  a  history  of 
menstrual  irregularity  and  current  menstrual  irregularity  at  baseline.  However,  the  two 
groups  did  not  differ  in  number  of  total  lifetime  menstrual  periods. 


Follow-up  measures  of  menstrual  cycles,  diet,  and  exercise  characteristics 
revealed  that  the  women  who  took  OCs  for  at  least  six  months  had  predictably  regular 
periods  (having  a  greater  number  of  menses  per  year  than  non-OC  users),  but  the  only 
other  difference  between  the  groups  was  that  OC  users  had  a  higher  percentage  of  fat  in 
the  diet  at  the  second  follow-up  (data  not  shown). 

Body  composition  changes  by  actual  use  of  OCs  (treatment-received  analysis) 

(1)  Change  in  weight.  As  in  the  intention-to-treat  analysis,  there  was  little 
association  between  the  proportion  of  follow-up  time  on  OCs  and  the  rate  of  change  in 
weight  (Table  3).  Adding  covariates  from  the  set  of  variables  that  differed  between  OC 
users  and  non-users  did  not  change  the  results,  so  we  did  not  include  these  covariates  in 
the  models  presented  here.  When  women  were  classified  by  use  of  OCs  for  (1)  three 
months  or  more,  and  (2)  six  months  or  more,  comparisons  to  the  non-OC  group  again 
revealed  little  difference  in  weight  change  (Table  3).  In  all  analyses,  the  OC  users 
gained,  on  average,  slightly  less  weight  than  non-users. 

(2)  Change  in  fat  mass  and  body  fat  percentage.  There  was  no  association 
between  body  fat  change  and  actual  OC  use  in  the  proportionate,  3-month-use,  or  6- 
month-use  analysis  (Table  3). 

(3)  Change  in  lean  mass.  As  in  the  intention-to-treat  analysis,  women  with 
regular  menses  at  baseline  showed  a  significant  relative  increase  in  lean  mass  associated 
with  the  proportion  of  time  that  they  were  actually  taking  OCs  (p<0.0001.  Table  3).  The 
association  with  OC  use  was  also  seen  in  the  analyses  of  3-month  users  (p=0.005)  and  6- 


month  users  (p=0.0007).  No  association  between  actual  OC  use  and  lean  mass  change 
was  found  among  women  with  irregular  menses  (Table  3). 

Because  weight  lifting  could  have  a  strong  effect  on  lean  mass,  we  explored 
adding  it  to  the  models  above,  even  though  the  two  treatment-received  groups  did  not 
differ  significantly  in  their  frequencies  of  weight  lifting  (p=0. 14).  The  adjusted  mean 
differences  fell  by  15  -  32%,  but  the  OC-lean  mass  association  remained  positive  and 
statistically  significant  in  the  proportionate  treatment-received  analysis  (p=0.002)  and  in 
the  6-month  treatment-received  analysis  (p=0.01).  The  association  was  of  borderline 
significant  in  the  3-month-use  analysis  (p=0.06). 

DISCUSSION 

Our  finding  of  little  difference  in  weight  gain  or  fat  gain  between  women  assigned 
to  30  pg  ethinyl  estradiol  plus  0.3  mg  norgestrel  versus  no  treatment  adds  further 
confirmation  to  the  conclusion  reached  in  the  review  by  Gallo  et  al.'  that  no  large 
positive  effect  of  OC  use  on  weight  is  likely.  That  we  found  a  (non-significant)  trend 
toward  less  weight  and  fat  gain  among  OC  users  as  compared  with  non-users  should 
reassure  athletes  that  OCs  will  not  cause  performance-impairing  weight  changes.  The 
results  of  our  treatment-received  analyses  bolster  our  confidence  in  this  conclusion. 
Because  of  this  study’s  focus  on  young  female  runners,  we  cannot  rule  out  an  effect  of 
OC  use  for  inactive  women  or  for  those  outside  the  1 8-26  year  age  range. 

We  confirm  others’  findings"  that  weight  gain  is  still  commonly  believed  to  be  a 
side  effect  of  OC  use  despite  evidence  to  the  contrary.  Fear  of  or  perceived  weight  gain 
was  the  most  common  reason  given  (cited  by  6  of  14)  for  discontinuing  OCs  in  our  study. 


Although  we  do  not  have  weight  measurements  from  women  at  the  point  of  stopping 
OCs,  if  we  compare  the  weight  change  of  switchers  in  the  first  year  to  that  of  control 
women,  the  difference  is  insignificant  (0.4  kg/year  for  switchers  vs.  0.1  kg/year  for 
controls,  p=0.56).  Our  study  should  re-assure  women  that  OCs  are  not  a  cause  of  weight 
gain. 

The  unanticipated  positive  association  between  OC  use  and  lean  mass  gain 
observed  among  eumenorrheic  women  merits  further  investigation.  The  association  was 
strongest  in  the  intention-to-treat  analysis,  and  was  also  present,  but  slightly  weaker,  in 
the  treatment-received  analysis.  There  are  few  other  reports  with  which  to  compare  our 
findings.  Machado  et  al  ~~  found  that  women  randomized  to  estradiol-gestodone  for  one 
cycle  only  showed  a  significant  increase  in  fat-free  mass  relative  to  controls.  Women 
assigned  to  estradiol-drospirenone  did  not. 

Several  previous  studies"  ’  ’  ’  ’  have  investigated  the  lean  mass/muscle 
strength  association  with  hormone  replacement  therapy  (HRT)  in  postmenopausal 
women.  The  results  of  these  trials  have  been  inconsistent,  however,  and  caution  is 
required  in  extrapolating  results  to  young  women  on  OCs. 

If  there  is  an  anabolic  effect  of  combination  OCs  on  lean  mass,  the  mechanism 
remains  unclear.  Friend  et  al."  proposed  that  estrogen  may  have  an  anabolic  action  by 
increasing  serum  growth  honnone  concentrations.  Skeletal  muscle  contains  some 
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estrogen  receptors  and  thus  may  be  affected  directly  as  well.  Phillips  et  al. 
demonstrated  measurable  increases  in  muscular  force  of  the  adductor  pollicis  when 
estrogen  levels  rose  in  the  follicular  phase  of  young  women’s  menstrual  cycles.  In 
contrast,  multiple  studies  have  found  that  OCs  are  associated  with  decreased  free 
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testosterone  and  DHEAS  in  healthy  women  of  reproductive  age,  potentially  causing  a 
decrease  in  lean  mass  relative  to  controls. 

It  is  impossible  to  tell  whether  the  estrogen  and/or  progestin  component  of  the  OC 
used  in  this  trial  might  be  associated  with  the  lean  mass  increase  observed.  The  progestin 
component  of  Lo/Ovral,  Norgestrel,  has  the  highest  androgenic  activity  of  the  four  first- 
generation  progestins  investigated  in  a  2006  US  Phamacist  report,  and  so  could  have  a 
muscle-building  effect. 

It  is  unclear  why,  as  in  our  results,  a  stimulatory  effect  of  OCs  on  lean  mass 
would  be  observed  in  eumenorrheic  women  but  not  in  women  with  irregular 
menstruation.  Could  there  be  some  threshold  estrogen  level  below  which  the  OCs  do  not 
have  a  stimulatory  effect?  Alternatively,  irregular  periods  could  be  a  marker  for  caloric 
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deprivation.  Ihle  and  Loucks  found  that  caloric  deprivation  promoted  bone  resorption 
and  interfered  with  bone  formation,  and  Frost  proposed  that  the  “mechanostaf  ’  that 
adjusts  bone  to  the  mechanical  stresses  put  upon  it  might  be  reset  by  energy  availability 
or  honnone  levels.  Similar  mechanisms  could  apply  to  muscle  mass.  Could  the  women 
with  irregular  periods  in  this  study  have  a  dietary  deficit  that  prevents  them  from  putting 
on  the  lean  mass  that  Lo/Ovral  might  normally  stimulate?  Self-reported  calories  did  not 
differ  between  menstrual  groups  at  baseline,  but  women  with  irregular  periods  had  a 
lower  percentage  of  fat  in  the  diet.34  This  difference  disappeared,  however,  at  the  first 
and  second  follow-up  visits  (data  not  shown). 

Our  study  confirms  the  difficulty  of  conducting  a  randomized  controlled  trial 
with  oral  contraceptives,  which  so  greatly  affect  the  personal  lives  of  participants.  Non- 
compliance  was  high  in  both  treatment  and  control  groups.  We  found  women  in  the  age 


range  18-26  years  to  be  a  difficult  group  to  follow  in  a  study  of  this  length  because  of 
their  high  mobility  and  multiple  interests.  We  were  unable  to  obtain  any  follow-up 
weight  and  body  composition  measurements  on  17%  of  the  subjects,  and  one -third  were 
lost  from  the  study  by  the  end  of  the  follow-up  period. 

For  ethical  reasons,  women  were  not  blinded  regarding  their  use  or  non-use  of 
OCs,  and  this  could  have  introduced  bias  into  the  study,  especially  given  the  widespread 
belief  among  young  women  that  OC  use  leads  to  weight  gain.  It  is  possible  that  the 
women  assigned  to  OCs  compensated  for  that  assignment  in  some  way,  for  example,  by 
cutting  back  on  calories  or  increasing  their  activity.  As  noted  above,  by  the  second 
follow-up  visit  the  OC  group  had  a  higher  mean  frequency  of  weight  training,  but  they 
had  a  lower  mean  number  of  kilometers  run  per  week,  and  their  self-reported  calorie 
consumption  was  indistinguishable  from  that  of  controls.  While  self-reported  dietary 
logs  are  notoriously  inexact,  there  is  little  reason  to  believe  that  errors  in  reporting  would 
be  differentially  erroneous  between  the  two  groups  in  this  study. 

Because  this  project  was  initially  designed  to  assess  bone  mineral  density  and 
stress  fracture  as  primary  outcomes  (not  weight  change),  we  did  not  maintain 
standardized  conditions  at  the  weigh-in  regarding  clothing  worn,  time  of  day,  or  day  in 
menstrual  cycle,  and  this  could  have  introduced  some  inexactness  of  measurement. 

Despite  these  weaknesses,  the  randomized  design  of  this  trial,  its  assessment  of  a 
great  number  of  lifestyle  variables,  and  its  duration  should  lend  confidence  to  our 
conclusions  that  young  female  distance  runners  can  take  oral  contraceptives  without  fear 
of  resultant  weight  or  fat  gain.  Evaluation  in  other  studies  of  the  effect  of  OCs  on  lean 
mass  may  clarify  whether  OCs  can  enhance  muscle  strength. 
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Figure  1.  Participation  and  follow-up. 


TABLE  1 .  Baseline  characteristics  by  treatment  assignment:  mean  +  standard  deviation 
or  percentage  Treatment  Assignment 

Oral  contraceptives  (N=69)  Control  (N=81) 


Weight  (kg) 

58.2  +  7.3 

58.1+6.6 

Fat  mass  (kg) 

13.1+4.0 

13.5+4.1 

Percent  body  fat 

22.7  +  5.2 

23.3  +  5.4 

Lean  mass  (kg) 

41.8  +  4.9 

41.7  +  4.2 

Age  (yr) 

22.3+2.7 

21.9  +  2.6 

Height  (cm) 

165.9  +  6.6 

165.4  +  6.1 

Body  mass  index  (kg-nT2) 

21.1  +  1.9 

21.3+2.0 

Caloric  intake  (kcahday"1) 

2250  +  894 

2302  +  988 

Percent  of  calories  from  fat 

17.6  +  6.5 

18.4  +  6.5 

Protein  intake  (g-day'1) 

92.9  +  41.4 

91.6  +  39.9 

Dietary  calcium  (mg-day'1) 

1394  +  830 

1412  +  670 

Frequency  of  dieting  in  past  year*f 

2.0  ±  1.3 

1.5  +  0.8 

Total  EDI  score 

14.7  +  14.7 

10.6+11.8 

Distance  run  in  past  year  (km-wk'1) 

56.0+16.9 

56.0+18.3 

Time  lifting  weights  in  past  year  (min-wk'1)  73 .3  +  51.6 

61.0  +  49.0 

Age  at  menarche  (yr) 

13.1  ±  1.4 

13.0+1.5 

Total  lifetime  menstrual  periods 

68.5  +27.9 

67.4  +  30.0 

History  of  menstrual  irregularity 

Current  menstrual  status 

50.7% 

64.2% 

Amenorrheic  (0-3  periods  in  previous  yr) 

11.6% 

6.2% 

Oligomenorrheic  (4-9  periods  in  previous  yr)  18.8% 

29.6% 

Eumenorrheic  (>9  periods  in  previous  yr) 

69.6% 

64.2% 

History  of  oral  contraceptive  use 
Race/ethnicity 

43.5% 

40.7% 

White 

82.6% 

82.7% 

Asian/Pacific  Islander 

4.4% 

9.9% 

Hispanic 

7.2% 

3.7% 

Black 

2.9% 

0% 

Other 

2.9% 

3.7% 

*On  a  scale  of  1-6:  l=never,  2=1-2  times,  3=3-5  times,  4=6-8  times,  5=9-11  times,  6=12+  times 
fp=.03,  groups  differ  by  Wilcoxon  test 

JEating  Disorder  Inventory  0-69;  0=least  disordered,  69=most  disordered.  Gamer  and  Olmstead 
(1984) 

•p=.08,  Wilcoxon  test 


TABLE  2.  Mean  annual  rate  of  change  and  standard  error  in  body  weight,  fat  mass,  percent  body  fat,  and  lean  mass 
by  treatment  randomization. 


Menstrual  groups 
compared 

OC  group  (N) 

Control  group  (N) 

OC  mean  minus 
control  mean 

P 

Weight  (kg-year-1  ±  SE)* 

all 

-0.11  ±0.30(69) 

0.43  ±0.31  (81) 

-0.54  ±0.31 

0.09 

Fat  mass  (g-year-1  ±  SE)** 

all 

125.9  ±241.0  (69) 

223.2  ±239.3(81) 

-349.1  ±250.0 

0.16 

Percent  body  fat  (%-year-1  ±  SE)** 

all 

-0.49  ±0.31(69) 

0.09  ±0.31(81) 

-0.58  ±0.32 

0.08 

Lean  mass  (g-year-1  ±  SE)*** 

irregular1  only 

320.5  ±289.5  (21) 

304.3  ±280.4  (29) 

16.2  ±346.7 

0.96 

Lean  mass  (g-year-1  ±  SE)*** 

regular"  only 

675. 5±  154.3  (48) 

-96. 3±  137.5  (52) 

771.8  ±  172.3 

<0.0001 

*From  linear  mixed  models,  adjusted  for  site,  baseline  menstrual  status,  and  dieting  frequency. 
**Linear  mixed  models,  adjusted  for  site  and  baseline  menstrual  status. 

***Linear  mixed  models,  adjusted  for  site. 


’<10  cycles  in  year  prior  to  baseline 
2 10  or  more  cycles  in  year  prior  to  baseline 


TABLE  3.  Mean  differences  in  the  adjusted  annual  rates  of  change  in  body  measurements 
(OC  minus  control),  by  three  criteria  of  actual  oral  contraceptive  use. 


Menstrual 

groups 

compared 

Used  OCs 

3+  months 

P 

Weight  (kg -year"1 

+  SE)*  all 

-0.42  +  0.32 

0.19 

Fat  mass  (g-year- 

MSE)**  all 

-197.6  +  261.8 

0.45 

Percent  body  fat 
(%-year-1  +  SE)** 

all 

-0.29  +  0.34 

0.39 

Lean  mass 
(g-year-1  +  SE)*** 

irregular1  only 

-254.9  +  349.0 

0.47 

Lean  mass 
(g-year-1  +  SE)*** 

regular2  only 

567.1  +  197.6 

0.005 

Used  OCs 

6+  months 

P 

Proportion  of  time  on  OCs 
(per  100  percentage  units) 

P 

-0.51  +0.31 

0.10 

-0.48  +  0.34 

0.17 

-173.0  +  253.7 

0.50 

-270.3  +  283.6 

0.34 

-0.28  +  0.33 

0.39 

-0.54  +  0.37 

0.14 

-244.1  +356.7 

0.50 

-110.5  +  429.0 

0.80 

635.9  +  183.1 

0.0007 

825.8  +  197.0  <0.0001 

*From  linear  mixed  models,  adjusted  for  site,  baseline  menstrual  status,  and  dieting  frequency. 
**Linear  mixed  models,  adjusted  for  site  and  baseline  menstrual  status. 

***Linear  mixed  models,  adjusted  for  site. 

Mo  cycles  in  year  prior  to  baseline 
210  or  more  cycles  in  year  prior  to  baseline 


REFERENCES  Note:  Four  duplicates  below:  5=16,  6=21  ,15=20,  17=33,  which 


will  be  corrected  in  the  final  draft. 


1  Mosher  WD,  Martinez  GM,  Chandra  A,  Abma  JC,  Wilson  SJ.  Use  of 
contraception  and  use  of  family  planning  services  in  the  United  States:  1982- 
2002.  C DC  Advance  data  from  vital  and  health  statistics,  no.  350  (Dec.  10):  1- 

46,  2004. 

2 

Emans  SJ,  Grace  E,  Woods  ER,  Smith  DE,  Klein  K,  Merola  J.  Adolescents’ 
compliance  with  the  use  of  oral  contraceptives.  Journal  of  the  American  Medical 
Assoc.  257:  3377-3381,  1987. 

3 

Oddens  BJ.  Women’s  satisfaction  with  birth  control:  a  population  survey  of 
physical  and  psychological  effects  of  oral  contraceptives,  intrauterine  devices, 
condoms,  natural  family  planning,  and  sterilization  among  1466  women. 
Contraception  59:  277-286,  1999. 

4  Rosenberg  M.  1998.  Weight  change  with  oral  contraceptive  use  and  during  the 
menstrual  cycle:  results  of  daily  measurements.  Contraception  58:  345-349, 

1998. 

5  Cobb  KL,  Bachrach  LK,  Sowers  M,  Nieves  J,  Greendale  GA,  Kent  KK,  Brown 
WB,  Pettit  K,  Harper  DM,  Kelsey  JL.  Randomized  trial  of  the  effect  of  oral 
contraceptives  on  bone  mass  and  stress  fractures  in  female  runners.  Medicine  & 
Science  in  Sports  and  Exercise,  in  press. 

6  Picardo  CM,  Nichols  M,  Edelman  A,  Jensen  JT.  Women’s  knowledge  and 
sources  of  information  on  the  risks  and  benefits  of  oral  contraception.  J  Am.  Med. 
Womens  Assoc.  58(2):  112-116,2003. 

7  Rickenlund  A,  Carlstrom  K,  Ekblom  B,  Brismar  TB,  von  Schoultz  B,  and 
Hirschberg  AL.  Effects  of  oral  contraceptives  on  body  composition  and  physical 
performance  in  female  athletes.  J  Clin  Endocrinol  Metab.  89(9):  4364-4370, 

2004. 

8 

Neel  EU,  Litt  IF,  Jay  MS.  Side  effects  and  compliance  with  low-  and 
conventional-dose  oral  contraceptives  among  adolescents.  Journal  of  Adolescent 
Health  Care  8(4):327-329,  1987. 

9  Lloyd  T,  Lin  HM,  Matthews  AE,  Bentley  CM,  and  Legro  RS.  Oral  contraceptive 
use  by  teenage  women  does  not  affect  body  composition.  Obstetrics  and 
Gynecology.  100(2):  235-239,  2002. 

10  Lloyd  T,  Taylor  DS,  Lin  HM,  Matthews  AE,  Eggli  DF,  and  Legro  RS.  Oral 
contraceptive  use  by  teenage  women  does  not  affect  peak  bone  mass:  a 
longitudinal  study.  Fertility  and  Sterility.  74(4):  734-738,  2000. 


1 1  de  Melo  NR,  Aldrighi  JM,  Faggion  Jr  D,  Reyes  VROY,  Souze  JB,  Fernandes 
CE,  and  Larson  E.  A  prospective  open-label  study  to  evaluate  the  effects  of  the 
oral  contraceptive  Harmonet  (gestodene75/EE20)  on  body  fat.  Contraception.  70: 

65-71,2004. 

12 

Lech  MM  and  Ostrowska  L.  Oral  contraceptives  use  and  weight  gain  in 
women  with  a  Central  European  lifestyle.  Eur  J  Contracept  Reprod  Health  Care. 
10(1):  59-65,2005. 

13  Sule  S  and  Shittu  O.  Weight  changes  in  clients  on  honnonal  contraceptives  in 
Zaria,  Nigeria.  Afr  J  Reprod  Health.  9(2):  92-100,  2005. 

14  Bonny  AE,  Ziegler  J,  Harvey  R,  Debanne  SM,  Secic  M,  Cromer  BA.  Weight 
gain  in  obese  and  nonobese  adolescent  girls  initiating  depot 
medroxyprogesterone,  oral  contraceptive  pills,  or  no  hormonal  contraceptive 
method.  Arch  Pediatr  Adolesc  Med.  160(1):  40-45,  2006. 

15  Gallo  MF,  Grimes  DA,  Schulz  KF,  and  Helmerhorst  FM.  Combination 
estrogen-progestin  contraceptives  and  body  weight:  systematic  review  of 
randomized  controlled  trials.  Obstetrics  and  Gynecology.  103(2):  359-373,  2004. 

16  Cobb  KL,  Bachrach  LK,  Sowers  M,  Nieves  J,  Greendale  GA,  Kent  KK,  Brown 
WB,  Pettit  K,  Harper  DM,  Kelsey  JL.  Randomized  trial  of  the  effect  of  oral 
contraceptives  on  bone  mass  and  stress  fractures  in  female  runners.  Medicine  & 
Science  in  Sports  and  Exercise,  in  press. 

17  Cobb  KL,  Bachrach  LK,  Greendale  G,  Marcus  R,  et  al.  2003.  Disordered 
eating,  menstrual  irregularity,  and  bone  mineral  density  in  female  runners. 

Medicine  &  Science  in  Sports  &  Exercise  35(5):71 1-719,  2003. 

18 

Ware  J.  Interpreting  incomplete  data  in  studies  of  diet  and  weight  loss.  New 
England  Journal  of  Medicine  348(21):  2136-2137,  2003. 

19  Gamer  D.M.,  and  M.P.  Olmsted.  Manual  for  eating  disorders  inventory. 

Odessa  FL:  Psychological  Assessment  Resources,  Inc.  1984. 

20  Gallo  MF,  Grimes  DA,  Schulz  KF,  and  Helmerhorst  FM.  Combination 
estrogen-progestin  contraceptives  and  body  weight:  systematic  review  of 
randomized  controlled  trials.  Obstetrics  and  Gynecology.  103(2):  359-373,  2004. 

21  Picardo  et  al  2003 

22 

‘  Machado  RB,  Tachotti  F,  Cavenaque  G,  Maia  E.  Effects  of  two  different  oral 
contraceptives  on  body  water:  a  randomized  study.  Contraception  73(4):  344- 
347,  2006. 

23  Sipila  S,  Taaffe  DR,  Cheng  S,  Puolakka  J,  Toivanen  J,  Suominen  H.  Effects  of 
honnone  replacement  therapy  and  high-impact  physical  exercise  on  skeletal 
muscle  in  postmenopausal  women:  a  randomized,  placebo-controlled  study.  Clin 
Sci  (Lond):  101(2):  147-157,  2001. 

24  Taaffe  DR,  Sipila  S,  Cheng  S,  Puolakka  J,  Toivanen  J,  Suominen  H.  The  effect 
of  hormone  replacement  therapy  and/or  exercise  on  skeletal  muscle  attenuation  in 
postmenopausal  women:  a  yearlong  intervention.  Clin  Phvsiol  Funct  Imaging 
25(5):  297-304,  2005. 

~  Tanko  LB,  Movsesyan  L,  Svendsen  OL,  Christiansen  C.  The  effect  of  hormone 
replacement  therapy  on  appendicular  lean  tissue  mass  in  early  postmenopausal 
women.  Menopause  9(2):  1 17-121,  2002. 


26 

'  Ribom  EL,  Piehl-Aulin  K,  Ljunggren  O,  Naessen  T.  Six  months  of  hormone 
replacement  therapy  does  not  influence  muscle  strength  in  postmenopausal 
women.  Maturitas  42(3):  225-231,  2002. 

27  Figueroa  A,  Going  SB,  Milliken  LA,  Blew  RM,  Sharp  S,  Teixeira  PJ,  Lohman 
TG.  Effects  of  exercise  training  and  hormone  replacement  therapy  on  lean  and  fat 
mass  in  postmenopausal  women.  J  Gerontol  A  Biol  Sci  Med  Sci.  58(3):  266-270, 
2003. 

28  Friend  KE,  Hartman  ML,  Pezzoli  SS,  Clasey  JL,  Thorner  MO.  Both  oral  and 
transdermal  estrogen  increase  growth  honnone  release  in  postmenopausal  women 
-  a  clinical  research  center  study.  J  Clin  Endocrinol  Metab.  81:  2250-2256,  1996. 

29  Phillips  SK,  Sanderson  AG, Birch  K,  Bruce  SA,  Woledge  RC.  Changes  in 
maximal  voluntary  force  of  human  adductor  pollicis  muscle  during  the  menstrual 
cycle.  J.  Physiol.  496:  551-557,  1996. 

30  Miller  KK,  Lawson  EA,  Mathur  V,  Wexler  TL,  Meenaghan  E,  Misra  M,  Herzog 
DB,  Klibanski  A.  J  Clin  Endocrinol  Metab.  92(4):  1334-1339,  2007. 

o  1 

Selecting  and  monitoring  honnonal  contraceptives:  an  overview  of  available 
products.  US  Pharm.  6:  62-70,  2006. 

32 

Ihle  R  and  Loucks  AB.  Dose-response  relationships  between  energy 
availability  and  bone  turnover  in  young  exercising  women.  J  Bone  Miner  Res 
19(8):  1231-1240,2004. 

33 

Frost  HM.  Bone’s  mechanostat:  a  2003  update.  Anal  Rec  A  Discov  Mol  Cell 
Evol  Biol  275(2):  1081-1101,  2003. 

34  Cobb  KL,  Bachrach  LK,  Greendale  G,  Marcus  R,  et  al.  Disordered  eating, 
menstrual  irregularity,  and  bone  mineral  density  in  female  runners.  Medicine  & 
Science  in  Sports  &  Exercise  35(5):7 1 1-19,  2003. 


